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I. — On  the  Metalliferous  Deposits  of  Cornwall 

and  Devon. 


By  WILLIAM  JORY  HENWOOD,  F.G.S., 

MEMBER  OF  THE  GEOLOGICAL  SOCIETY  OF  FRANCS ;    HON.  MEM.  OF  THE  YORKSHIRE 

PHILOSOPHICAL  SOCIETY  ;   SECRETARY  OF  THE  SOCIETY  AND  CITRATOR  OF  THE 

MUSEUM  ;    H.M.  ASSAY-MASTER  OF  TIN  IN  THE  DUCHY  OF  CORNWALL. 


(Read 1830  October  6th,— 1831  October  7th,— 1833  August  30th,- 

1834  October  10th,— 1835  October  16th,— and  1836  September  2nd.) 


Whether  we  look  to  the  various  modes  in  which 
the  metalliferous  deposits  minister  to  the  wants  and 
conveniences  of  man,  stimulate  his  industry,  and 
multiply  his  resources ;  or  speculate  on  them  as  the 
eflTects  of  powerful  and  yet  unknown  agencies ; — 
they  must  appear  among  the  most  important  and 
interesting  ohjects  of  Geological  inquiry. 

But,  although  they  may  he  studied  in  greater 
variety,  complexity,  and  even  extent  in  Cornwall 
and  the  adjacent  parts  of  Devon,  than  in  few,  if  in 
any,  parts  of  the  Globe;  no  full  and  detailed 
account  of  the  phenomena  they  present  in  this 
district  has  hitherto  been  attempted.  For  Mr. 
Thomas's  valuable  contribution  to  our  knowledge,* 

*  "  Report  on  a  Survey  of  the  Mining  District  of  Cornwall,  from  Chase- 
water  to  Camborne,"  with  a  Map  and  Sections.  By  Richard  Thomas,  Surveyor 
and  Civil  Engineer.     1819. 
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treats  only  of  the  localities  to  which  his  researches 
were  avowedly  directed,  and  confined.  Mr.  Game's 
admirable  memoir  "  on  the  relative  age  of  the  Veins 
of  Cornwall,"*  although  embracing  particulars  of 
the  greatest  importance  on  other  branches  of  their 
Geology ;  is  principally  confined  to  that  investi- 
gation ;  whilst  his  second  paper  "  on  the  Mineral 
productions  and  the  Geology  of  the  Parish  of  St. 
Just,"f  treats  of  that  district  alone.  Whilst  the 
able  and  enlightened  publications  of  my  friend  Dr. 
Boase,  J  chiefly  occupied  with  discussions  of  a 
wider  range,  and  more  comprehensive  character, 
rapidly  glance  at  this  subject,  as  subordinate  to  his 
general  design. 

The  deficiency  here  pointed  out,  it  has  been  my 
object  to  supply ;  and  for  twelve  years  past,  1  have 
devoted  my  leisure  to  the  task  of  collecting,  by 
personal  inspection  and  observation  in  every  mining 
field  in  this  district,  all  the  particulars,  which  I 
thought,  would  throw  light  on  the  diversified  modes 
in  which  the  metalliferous  deposits  occur. 

For  two  or  three  of  the  earlier  years  my  progress 
was  but  slow ;  but  in  1828,  at  the  desire  of  Messrs. 
Robert  Were  Fox  and  Charles  Fox,  the  investiga- 
tions were  prosecuted  with  greater  activity;  and, 
with  some  occasional  interruptions,  I  have  pursued 
them  to  the  present  time. 

My  circumstances  would  not  admit  of  my  incur- 

*  Cornwall  Geo.  Trans,  ii.,  p.  49.  f  I^^id.  ii.,  p.  290. 

X  **  Contributions  towards  a  knowledge  of  the  Geology  of  Cornwall." 
Cornwall  Geo.  Trans,  iv,  p.  166,  and  **  A  treatise  on  Primary  Geology." 
Longman  &  Co.,  London.    1834 — 8vo, 
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strike  off  on  both  sides  ir 
Both  granite  and  slate  art 
lines  of  structure,  nearly  pi 
the  lode,  about  S.E.  and  N. 
of  them  nearly  E.  and  W. 

On  the  north-eastern  sidi 
Polladan  Cove,*  an  enormo 
intervenes  between  the  gran 
at   Pendeen  the  transition  i 
almost   imperceptible,  the  gi 
quartzose,  and   the  slate  mo; 
approach :  so  that  no  other  ( 
in  the  mass  which  occurs  at 
bluish  tinge  on  the  side  of  the 
greyer  hue  towards  the  granit< 

The  junction  may  be  also 
the  mines  of  Little  Bounds,  ^ 
noweth,  Botallack,  and  Levant 

*  In  the  processes  of  dressing  the  ores  sn 
escape  with  the  water:  at  Polladan  Cove  pc 
collected,  and  dressed  for  the  tin-ore  depo 
flowing  through  the  dressing-floors  in  Nancheri 

Wherever  there  iR  «  "*~- 
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of  my  own  pocket,  has  served  to  bring  my  under- 
taking to  a  termination. 

The  first  part  of  my  communication  will  neces- 
sarily consist  of  details,  which  I  have  endeavoured 
to  arrange  in  such  a  manner  as  to  show  their  con- 
nexion :  whilst  in  the  second,  I  shall  attempt  a 
general  summary  of  the  characteristics  of  the  veins 
in  this  district. 

To  the  particulars  of  each  field  or  group  I 
have  prefixed  a  few  general  remarks  indicative  of 
its  peculiarities,  and  shewing  the  relations  which 
subsist  between  the  veins  of  adjacent  mines.  These 
are,  however,  very  brief,  and  they  may  be  advan- 
tageously perused  in  connexion  with  the  excellent 
publications  of  Mr.  Thomas,  Mr.  Carne,  Professor 
Sedgwick,*  and  Dr.  Boase.f 

In  order  to  exhibit  the  various  phenomena  of 
each  mine  at  one  view,  I  have  adopted  a  tabular 
arrangement  of  the  details ;  J  a  mode  which,  I 
believe,  has  never  before  been  pursued,  and  there- 
fore some  explanation  of  it  is  requisite. 

The  designations  of  the  columns  generally  denote 
the  various  particulars  which  will  be  found  in  them. 
It  is,  however,  not  uncommon  for  the  substance  of 
the  vein  to  pass  into  the  contiguous  rock  by  insen- 

*  Cambridge  Phil.  Soc,  Trans,  i,  p.  89. 

t  Under  the  directions  of  the  Board  of  Ordnance  Mr.  De  la  Beehe  has 
instituted  most  laborious  and  minute  investigations  of  the  Geology  of  this 
district,  and  the  publication  of  the  Map  which  he  has  coloured,  and  of  the 
Memoir  which  is  to  accompany  it,  will  greatly  contribute  to  the  elucidation  of 
my  subject. 

J  I  am  indebted  to  the  kindness  of  Mr.  R.  W.  Fox  for  many  suggestions 
respecting  it. 
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The  intersections  of  the  various  veins  by  each 
other  are  very  unintelligible,  for  although  in  a  few 
instances  the  hectves  appear  regular^  in  the  greater 
number  it  is  far  otherwise;  and  in  many  cases 
although  the  lode  has  continued  rich  in  actual 
contact  with  the  cross^vein,  it  has  never  been  dis- 
covered on  the  other  side.  The  lodes  in  Saint  Just, 
as  in  other  parts  of  Cornwall,  are  productive  only 
at  intervals,  and  where  otherwise  they  are  usually 
small,  for  poverty  often  accompanies  a  diminution 
of  the  size  ;  whilst  the  containing  rock  which  is 
very  hard  in  every  part  of  the  district,  often  be- 
comes still  harder  as  the  vein  is  impoverished. 
Both  these  circumstances  contribute  to  the  preva- 
lence of  this  unfortunate  ignorance  of  the  pheno- 
mena accompanying  the  intersections,  one  by 
diminishing  the  incentive,  the  other  by  rendering 
the  pursuit  more  difficult. 

In  every  vein  in  the  district  the  masses  of  metallic 
minerals  have  dipped  from  the  granite ;  or  if  occur- 
ring in  that  rock,  they  have  inclined  towards  the 
slate :  in  other  words,  the  deeper  portions  of  the 
ores  have  been  furthest  from  the  granite. 

These  dispositions  of  the  rocks,  directions  of  the 
veins,  and  distributions  of  the  ores,  directing  many 
of  the  mining  operations  towards  the  sea,  several 
of  the  mines  are  worked  to  some  extent  beneath 
the  bed  of  the  Atlantic,  and  the  breaking  of  its 
waves  is  distinctly  audible  to  the  labourer  whilst 
at  his  work. 

In  Little  Bounds,  Botallack*  and  Wheal  Cock, 

*  Mr.  Carne,  Cornwall  Geo.  Trans.,  ii.  p.  889. 
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\eh,  and  JR.  for  right  hand,  are  therefore  perhaps 
sufficiently  explicit 

The  directions  of  veins  being  so  very  different, 
they  of  course  intersect  at  almost  every  angle, 
and  as  the  portions  are  rediscovered  either  on  the 
hide  of  the  greater  angle,  (PL  /.  Fig.  1.)  or  of 
the  smallery  (PL  1.  Fig.  2J  I  employ  the  letters 
G.A.  to  denote  the  one,  and  S.A.  the  other;  men- 
tioning also,  where  known,  the  distances  between 
the  parts. 

The  provincialisms  employed  in  Cornwall,  have 
by  long  and  extensive  adoption  become  almost  a 
part  of  the  mining  vocabulary  of  the  Kingdom,  I 
therefore  use  them  as  synonymous.* 

Collections  of  rocks  and  minerals  illustrative  of 
the  various  deposits  have  been  placed  in  the 
Museums  of  the  Jardin  des  Plantes,  Paris;  the 
Geological  Society  of  London  ;  the  Yorkshire 
Philosophical  Society ;  the  Plymouth  Institution  ; 
the  Royal  Institution  of  Cornwall,  and  of  this 
Society. 

As  it  is  only  from  a  careful  study  of  particulars, 
that  we  can  hope  to  ascend  to  generals,  I  proceed 
to  them  in  some  (I  hope  not  irksome)  detail ;  and 


*  The  rocks  whatever  may  be  their  characters  arc  denominated  the  Country. 

All  metalliferous  veins Lodes. 

All  veins  not  metalliferous,  and  in  direction  subtending  i  Cross-courses 

considerable  angles  to  those  which  are  productive J 

Horizontal  galleries  if  excavated  in  metalliferous  veins  ....  Levels. 

: jjQt_  [^  metalliferous  veins Cross-cuts. 

Pits  open  to  the  surface Shafts. 

not  open  to  the  surface,  but  extending  on  the  dip  of  a  ^  wj^^-cs 

vein  from  one  gallery  to  another y 

All  excavations  horizontally Driving. 


downward 6inkin 

upward   Rising. 


g- 
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than  once  doubting  the  protection  of  our  rocky 
shield  we*  retreated  in  affright;  and  it  was  only 
after  repeated  trials  that  we  had  confidence  to  pur- 
sue our  investigations. 

The  quantity  of  water  throughout  the  district  is 
extremely  small,  and  notwithstanding  it  is  salt  in  all 
the  mines  which  are  worked  beneath  the  sea,  it  is 
not  much,  if  at  all,  more  abundant  in  them  than  in 
those  further  inland :  whilst  that  drawn  out  of  the 
mines  worked  in  granite,  is  so  pure  as  to  be  fit  for 
domestic  uses.f 

The  mineralogical  riches  of  Saint  Just  have  been 
so  ably  described  by  Mr.  Carne,J  that  a  very  brief 
enumeration  of  some  of  the  principal  products,  and 
of  a  few  of  the  most  interesting  localities  will  be 
suflScient  for  my  purpose.  The  most  usual  ore  of 
copper  is  the  vitreous,  but  copper  pyrites  and  native 
copper  are  of  frequent  occurrence,  and  several  of 
the  salts  and  other  ores  of  this  metal  have  been  often 
found;  oxide  of  tin  has  been  found  in  great  abun- 
dance, and  the  sulphuret  of  tin  has  been  detected  at 
Botallack  ;§  bismuth  and  its  sulphuret  have  been 
found  in  several  mines ;  and  many  of  the  ores  of 
iron,  of  cobalt,  and  some  of  uranium  have  been  met 
with  in  the  district ;  with  traces  of  the  ores  of  lead, 
zinc,  antimony,  and  of  some  other  metals.  Of 
earthy  minerals  eisenkiesel  occurs  in  many  of  the 

*  My  companion  was  the  late  Capt.  Trenear,  of  Levant. 

t  It  is  a  noyel  and  an  interesting  eight  to  see  the  women  collected  about  the 
mines  with  their  trays,  procuring  warm  water  from  the  steam-engines ;  they 
wash  their  linen  on  the  spot,  and  spread  it  to  dry  on  the  neighbouring 
commons. 

t  Cornwall  Geo.  Trans.,  ii.  p.  290.  §  Dr.  Boase,  Ibid  n.  p.  384. 
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mines ;  garnets,  axinite,  epidote,  apatite,  and  horn- 
blende are  commou  in  Wheal  Cock-cairn ;  actynolite, 
is  abundant  in  Forth  Just,  the  Narrow-point,  and 
Caseley's-cairn ;  schorl  is  plentiful,  but  may  be 
procured  finely  crystallized  at  Botallack-bunny  ;♦ 
arragonite,  and  pearl  spar  have  been  found  at  Levant 
in  some  abundance. 

It  has  been  already  said  that  Little  Bounds  Mine 
is  opened  from  the  beach  at  Forth  Just,f  Wheal 
Bellon  is  worked  on  the  steep  side  of  the  vale  which 
terminates  at  Fornanvon,J  Wheal  Cunning,  Bal- 
laswidden,  Park-noweth,  Speam,  and  Boscaswell 
Downs,  are  situated  on  plains  which  have  a  slight 
declivity  seaward.  All  the  other  mines  are  near 
the  sea,  and  the  positions  of  several  of  the  steam- 
engines  are  highly  picturesque ;  that  of  the  Crown's 
engine  at  Botallaek  has  been  long  well  known,  and 


*  This  is  the  locality  of  the  oft-described  tin-floors ;  they  are  connected  with 
the  lodes,  and  seem  to  be  mere  branches  between  them,  with  less  inclination 
than  is  usual. 

See  also  Mr.  Hawkins,  Cornwall  Geo.  Soc.,  Trans.,  ii.  p.  33.  Mr.  Came, 
Ibid  II.  p.  326.     Fournet,  Etudes  sur  les  depots  m^tallif^res — 232. 

i  Some  extensive  beds  of  rounded  stones  from  the  size  of  a  hazel  nut  to  2  or 
3  feet  in  diameter,  and  from  15  to  20  feet  above  high- water  mark  occur  in  both 
these  coves.  The  stones  are  in  general  granite,  but  a  few  pebbles  of  slate  are 
found  among  them,  the  interstices  being  filled  with  decomposed  granitic 
matter.  The  adit  at  Wheal  Besan's  lode  in  Little  Bounds  Mine  has  been 
driven  for  several  fathoms  through  one  of  the  beds,  which  is  there  from  60  to 
70  feet  in  thickness. 

See  also  Mr.  Carne,  Cornwall  Geo.  Trans.,  in.  p.  229. 

t  In  stead  of  the  pick  and  gad  (pick-ax.e  and  wedge)  used  in  other  districts, 
a  bar  of  steel  pointed  like  the  gad  (the  poker  J  is  employed  on  hard  rocks,  and 
a  somewhat  similarly  pointed,  but  thinner  bar,  {the  picker)  on  softer  materials. 
The  Saint  Just  miner,  using  the  hammer  with  one  hand,  and  the  borer  with  the 
other,  prepares  a  hole  for  the  reception  of  gunpowder  without  assistance ;  in 
other  districts  it  is  usual  for  one  person  to  hold  the  borer ^  whilst  it  is  struck 
by  another. 
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two  or  three  belonging  to  Levant  are  equally  worthy 
of  notice.  Perched  on  the  verge  and  even  on  the 
ledges  of  a  tremendous  precipice,  they  seem  at  the 
mercy  of  every  storm;  and  to  the  beholder  from 
beneath  they  almost  appear  suspended  in  the  air 
and  tottering  to  their  fall. 

Many  of  the  mining  districts  in  Cornwall  afford 
more  employment,  and  yield  greater  mineral  riches* 
than  that  of  Saint  Just ;  but  in  its  well-displayed 
junctions  of  granite  and  slate,  its  veins  of  granite, 
of  rare  and  curious  earthy  minerals,  and  of  metallic 
ores,  its  wildly  and  singularly  situated  mines,f  and 
their  subterranean  and  subaqueous  dangers,  and 
in  its  bold  and  romantic  cliffs,  it  is  surpassed  by 
none  of  them  in  interest  and  importance. 


*  The  Bostrase  moon  have  been  streamed  for  tin-ore  with  some  success ; 
the  tin  ground  consists  of  decomposed  granite,  which  is  covered  by  a  layer  of 
peat,  and  this  is  succeeded  by  the  ordinary  bed  of  the  rivulet  The  whole 
varies  from  8  to  12  feet  in  depth. 

See  also  Mr.  Came,  Cornwall  Geo.  Trans.,  ii.  p.  332. 

t  In  one  part  of  Botallack  the  labourers  bav^  to  descend  to  the  adit,  by 
ladders  placed  on  the  face  of  the  cliff. 
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BALLESWIDDEN  MINE,  PARISH  OF  SAINT  JUST. 

The  course  or  bed  of  rock  which  is  called  the 
lode,  bears  about  30°  N.  of  W.,  and  dips  S.  60-80"  ; 
it  is  composed  of  ill-deflned  and  confusedly  mixed 
crystals  of  felspar,  quartz,  a  little  white  mica,  and 
some  schorl,  among  which  considerable  quantities 
of  oxide  of  tin  are  irregularly  distributed.  This  is 
worked  from  12  to  30  feet  in  breadth,  and  it  is 
traversed  by  a  great  many  small  veins  which  have 
a  general  coincidence  with  the  mass  both  in  direc- 
tion and  in  dip.  These  are  frequently  mere  lines 
in  the  rock,  and  but  few  of  them  are  more  than 
3  or  4  inches  wide ;  they  consist  almost  entirely  of 
oxide  of  tin,  quartz,  and  schorl,  and  are  generally 
very  rich.  They  frequently  divide,  reunite,  and 
possess  all  the  ordinary  characters  of  lodes,  and  the 
cavities  with  which  they  abound  are  lined  with 
minute  but  perfect  crystals  of  oxide  of  tin.* 

The  contiguous  granite  is  a  very  coarse  grained 
basis  of  felspar,  quartz,  and  white  mica,  with  numer- 
ous large  crystals  of  white  felspar ;  these  are  here 
considered  favourable  indications,  contrary  to  the 
general  rule  of  the  district,  which  gives  a  preference 
to  that  mineral,  when  pink,  brown  or  buff  coloured. 

Both  the  veins  and  the  granite  are  traversed  by 
lines  of  structure,  which  bear  about  20"  W.  of  N. 


■  Captaia  James  Wall,  to  nhom  ne  are  indebted  for  the  discovery  of  all 
the  rare  and  curious  minerals  of  Ihla  district,  has  delected  a  few  very  small 
CTjBtals  of  (he  sulphutBt  of  bUmuth  among  the  tin  ore  of  this  mine. 
VOL.  V.  D 


mm  * 


»  M  Its  north-easte 
and  comprizing  the  parishes  of  Saint 
and  Towednack.* 

The  tract  in  which  mining  is  carriec 
generally  of  .upland  heaths^  occasional! 
cairns  of  considerable  elevation^  whos 
are  icovered  with  enormous  masses  of  ( 
dently  in  sM,  but  separated  from  tht 
(parent)  rock  by  disintegrated  granite 
often  many  feet  in  depth.     This  district 
except  towards  the  N.  and  £.,  where  it 
row  border  of  slate  on  the  sea  coasLf    1 
s  generally  very  coarse  grained  and  porp 
finch  structure  good  examples  may  be  s 
K>se  stone  hedges  which  enclose  the 
itdbes  under  cultivation  near  Halse-ti 
herever  much  of  tfie  surfiuse  is  exposed. 


!«*««««•«■ 


For  ooiiT«Bi0noe  I  htkwe  indndMl  ia  thia  district  the  UnH 
In  the  puUikoB  of  Morvah  and  Zennor,  and  Ding  Dong 
ral;  for  although  not  wiChiB  the  liaiitahfln  deaoribed,  th 
e  umut  graaitie  naigpf  which  c&tenda  fiom  the  Land  Vend  1 

*  From  the  head  land  nearly  oppoeite  the  Canracles  to  I 
Uilaafoika  pwMdl  wMiMk  iatevniptioB ;  but  the  dennd 
ortwo  hMtaaoai  iolBcieptly  near  the  cenftrsi  — - 

laofBanilB.''— P»'»»» — 
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places  in  hornblende,  in  others,  with  actynolite, 
and  mixed  with  small  quantities  of  some  other 
minerals.  These  have  been  already  described  in 
the  last  district,  and  some  of  them  are  compact, 
whilst  others  are  slaty  and  dip  towards  the  N.E. 

The  actual  junctions  can  no  where  be  seen  at  the 
surface,  but  in  the  rocks  which  occur  between 
Knill's  monument  and  the  sea  near  the  Providence 
Mines,  the  nature  of  the  transitions  may  be  clearly 
traced. 

The  joints  or  lines  of  structure  in  the  granite  are 
well  exposed  at  Halse-town,  and  on  the  craggy 
summits  of  Trencrom,  Trink,  Rosewall,*  and  Pen- 
beagle  ;  and  in  the  slate,  in  the  cli£fs  near  Saint  Ives, 
and  on  the  beach  towards  Lelant  church.  One 
system  of  these  planes  bears  between  (true)  N.  and 
N.E. ;  but  a  second  series  with  rather  more  con- 
i^tancy  strikes  about  10^  S.  of  W. ;  whilst  a  third, 
sometimes  appears  at  from  20^'  to  30<>  N.  of  W. 
There  is,  however,  no  great  constancy  in  their 
directions^  for  especially  in  the  same  mass  of  slate 
the  frequent  intersections  of  innumerable  smaller 
joints  occasion  much  irregularity  and  apparent 
curvature ;  and  in  the  granite  of  the  same  cairn,  a 
di£ference  of  from  15^  to  20^  in  the  bearing  of  the 
structural  divisions  is  by  no  means  uncommon. 

The  directions  of  the  hdes  are  rather  to  the  N. 


*  It  is  not  Y^  generally  known  that  there  is  a  Logan-rock  on  the  eastern 
snmmit  of  Rosewall  hill.  It  is  a  wedge-shaped  mass,  decomposed  on  the 
edgeSy  about  12  feet  long,  6  feet  wide,  and  4  feet  thick  at  one  end,  but  dimin- 
ishing to  6  inches  at  the  other.  Its  weight  may  be  estimated  at  twelve  tons, 
and  it  is  easily  set  in  motion  by  the  hand. 
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fields.  In  Balnoan  the  distribution  is,  perhaps^ 
even  more  unusual ;  for  besides  occasional  enlarge- 
ments of  the  lodes  from  a  few  inches  to  30  or  40 
feet  in  breadth,  there  are  still  larger  masses  of  tin 
ore'  wholly  unconnected  with  any  vein,  and  sur- 
rounded on  all  sides  by  an  extremely  hard  and  very 
coarse  grained  granite.*  These  are  discovered 
almost  by  accident,  for  I  have  known  more  than 
one  of  them  found  by  extending  the  excavation 
where  there  existed  no  other  indication  than  a  mere 
joint  in  the  rock,  which  contained  no  mineral,  and 
was  perceptible  only  from  the  slow  oozing  of  a 
minute  quantity  of  water  between  its  faces. 

The  ores  in  all  well  ascertained  cases,  dip  east- 
ward, towards  the  slate. 

The  only  excavations  extended  beneath  the  sea 
are  at  the  Providence  Mines,  in  which  there  is  ^a- 
considerable  influx  of  salt  water  at  the  32  fathom 
level  :j'  in  all  the  other  mines  in  this  district,  the 
quantity  of  water  is  but  small. 

Wheal  Union  and  Wheal  Reeth  are  situated  near 
the  summits  of  Rosewall  and  Trink,  Wheal  Tren- 
tcith  near  and  parallel  to  a  deep  glen,  Bcdnoon  and 
West  Poldice  are  intersected  by  small  vales ;  all  the 
other  mines  are  on  gentle  declivities. 


*  Mr.  Hawkins,  Cornwall  Geo.  Trans.  ii»  p.  31.     Br.  Boase,  Treatise  on 
Primary  Geology,  p.  191. 

t  ''  Huel  Providence  Copper  Mine  (not  now  at  work)  is  the  first  which  oecttm 
<<  on  the  noiCh  coast,  it  is  situated  between  Saint  Ires  and  Hayle.    Here  there 
*^  are  two  levels  at  the  depth  of  24  and  32  fathoms  under  high  water  mark,' 
'^  both  of  which  are  driven  abont  2%  fathoms  onder  tibe  sea.     The  water  wasr, 
''  not  salt,  and  tlM&  workioeBr  could  scarcely  hear  the  noise  of  the  waves.^' 

Mb.  Cakiib,  CrnmivaU  Geo,  Tnmt.  ii. p^l44« 
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It  is,  I  fear,  hardly  poseible  to  give  a  clear  de- 

ption  of  the  extTaordinary  deposit  of  tin  ore 

rHich  is  cooaected  with  the  lode  of  the  Saint  Ives 

Consolidated  Mines,  and  has  obtained  the  name  of 

e  Carhona.*     It  joins  the  Standard  lode  at  the 

ipth  of  78  Githoms,  and  at  the  junction  the  con- 

ctiog  surface  is  not  more  than  4  or  5  inches 

uare.    From  that  place  it  has  been  worked  pei^ 

.p8   120  fathoms  in  a  south-easterly  direction; 

.4:il,  tending  continually  downwards,  it   reachea 

depth  of  nearly  100  fathoms.    Its  greatest  ver- 

al  extent  is   about  10  fathoms,  and  its  largest 

idth  is  about  the  same;  but  the  average  dimensions 

ay  be  4  fathoms  high,  by  10  or  12  feet  wide.     It 

a  dip  varying  from  45*'  to  80*  towards  the  S.W. ; 

*Dd   its   bulk   is  subject  to   extreme  irregularity. 

(PI.  II.  Fig.  4-5-6.; 

tt  exhibits  few  of  the  usual  characters  of  a  lode, 
**it  is  bounded  above,  below,  and  on  either  side, 
"y  the  ordinary  granite.  It  is  chiefly  composed  of 
*fej>ar,  quartz,  schorl,  and  oxide  of  tin,  very  irre- 
gula.]-iy  aggregated ;  but  in  many  parts  contains 
fluof  (which  the  lode  does  not)  chlorite,  common 
■ii'l  blistered  copper  pyrites,  iron  pyrites,  and  here 
*^i   there  traces  of  vitreous  copper  ore. 


I'hiB  term,  aa  far  as  I  can  leam,  naa  first  applied  to  a  aomewhat  similar 
^'IPQsit,  irhich  was  mvaj  yean  ago  discovared  in  RoittvaU-HiU  Mine.  It  is 
aon  Used  in  this  district  to  designate  the,  here,  not  unusal  occuireoce  of  tin 
%te  in  itregnlar  masses  Trhich  do  not  possess  the  general  characters  of  todei. 
Ibe  pretalenl  opinion  that  it  was  a  catU  term  used  by  the  miners  and  has  no 
ieflnile  meaning,  is  probably  correct.  Some,  however,  pretend  to  trace  ita 
ii^^UioD  from  the  anelent  Cornish  language. 
VOL.  v.  E 
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About  80  fathoms  from  the  lode,  it  falls  in  with 
the  Middle  Traivn,  and  takes  the  direction  of  that 
vein.  They  continue  side  by  side  for  25  fathoms, 
the  Carhona  standing  on  the  west.  The  Trawn 
then  contains  stones  resembling  the  substance  of 
the  Carhontty  and  in  a  few  fathoms  further  the  dis- 
integrated and  very  felspathic  granite  of  the  former 
is  gradually  and  entirely  replaced  by  schorl,  quaitCi 
felspar,  and  oxide  of  tin,  and  other  minerals  which 
occur  in  the  Carhona;  whilst  their  joint  direction 
still  continues  that  of  the  Trawn. 

At  length  the  Carhona  takes  a  bend  and  goes  ioS 
at  right  angles,  towards  the  N.E.;  whilst  the  Trantm 
continues  its  original  direction,  and  becomes  more 
and  more  granitic ;  and  although  it  for  some 
fathoms  still  retains  some  traces  of  the  mineral 
composition  of  the  Carhona,  at  last  it  re-assumes 
its  usual  disintegrated  and  felspathic  characters. 

Immediately  east  of  the  Trawn  the  Carhona 
increases  to  enormous  dimensions,  and  is  worked  for 
at  least  10  fathoms  in  length,  breadth,  and  height* 
The  scattered  lights,  the  great  number  of  miners  in 
their  soiled  and  torn  working  dress,  the  pillars  and 
beams  of  wood  which  support  the  roof  and  walls, 
and  the  rock  lining  this  vast  cavern,  all  dimly  dis- 
cerned (at  intervals)  by  flickering  and  uncertain 
gleams,  produce  a  most  striking  effect. 

From  this  large  mass  shoots,  hranches,  hunches, 
and  other  irregular  protuberances  strike  off  in  every 
direction;  and  wherever  there  is  an  unusual  en- 
largement of  the  Carhona,  such  is  invariably  found 
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nds  with  it  where  granite  is  more  uniform  ittt 
;gregation,  and  the  felspar  pink  or  pale  greea.> 
he  whole  may  be  described  as  forming  a  neft- 
oi  pipes,  strings,  branches,  shoots  and  veaUf 
erging  into  one  grand  trunk,  which  extends  ttf 
'.E„  dipping  about  1  in  6,  and  is  on  all  sidet 
)unded    by   the   hard   granite,   but   no   who* 
les  the  surface. 

BALNOON  MINE,  PARISH  OF    LELANT, 

been  from  time  immemorial  remarked  for  th^ 
rently  irregular  and  capricious  distribution  of 
n  ore  it  affords.     This  however  is  not  exactly 
that  of  the  Carbona  in  the  Saint  Ives  Coiuo&- 
i  Mines ;  but  has  a  greater  similarity  to  A* 
ary  characters  of  veins. 

26        W.  J.  Henwood^  on  the  Metallfferaus 

and  mica,  with  embedded  crystals  of  pink  felspar ; 
whilst  the  reverse  occurs  when  large  porphyritic 
crystals  of  white  felspar  abound  in  the  granite. 

The  North  Vervis  lode^  however,  in  the  deeper 
parts  seems  to  have  a  limit  both  on  the  E.  and  on 
the  W.  At  60  fathoms  deep,  although  it  widens  to 
20  feet  for  10  or  15  fathoms,  then  contracts  to  but  a 
few  inches  wide  for  6  or  8  feet,  and  again  enlarges 
to  30  feet  in  breadth  for  10  fathoms;  yet  at  80 
fathoms  deep  it  is  at  last  completely  surrounded  on 
the  ends,  sides,  and  bottom,  by  the  hard  granite, 
without  leaving  the  slightest  trace  of  its  further 
existence  in  any  direction. 

It  is  by  no  means  easy,  if  indeed  it  be  possible, 
to  convey  an  adequate  idea  of  the  irregularity  of 
these  formations :  and  I  fear  it  is  vain  for  me  to 
hope  that  the  description  I  have  here  attempted 
will  answer  any  other  purpose  than  to  show  that 
they  have  but  a  remote  resemblance  to  lodes,  or  to 
any  other  kind  of  deposit  in  which  tin  has  been 
hitherto  found  to  occur. 
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The  tract  which  I  have  called 

THE    MARAZION    DISTRICT^ 

Comprises  the  slate-rocks  which  are  bounded  on  the 
west  and  north  by  the  granite  of  Paul^  Madron, 
Gulval,  and  Ludgvan  parishes ;  and  on  the  south 
by  the  Mount's-Bay.  It  extends  eastward  to  the 
valley  which  runs  from  Relubbis  towards  Hayle. 

The  structure  of  the  slate  formation  on  the  shores, 
its  junctions  with  the  granite  at  Mousehole,  and 
Saint  Michael's  Mount,  and  its  connection  with  the 
porphyry  (elvan)*  at  Penzance,  are  well  exposed, 
and  have  been  frequently  described.f 

The  granite  is  of  the  ordinary  kind,  composed  of 
felspar,  (its  prevailing  mineral)  quartz,  mica,  and 
sometimes  schorl  and  pinite.  Except  at  Saint 
Michael's  Mount  where  the  texture  is  much  finer, 
it  is  rather  coarse  grained,  but  much  less  so  than 
in  the  Saint  Just  district. 

The  slate-rocks  which  touch  the  granite  are  gene- 
rally massive  greenstones,  which  are  composed  of 
hornblende  and  felspar  in  varying  proportions,  and 
contain  many  other  minerals  in  regular  veins ;  and 


*  Throughout  the  mining  districts  of  Cornwall  the  dykes  or  veins  of  por- 
phyry have  the  provincial  name  of  elvan^  a  word  of  uncertain  derivation. 

t  Dr.  Berger,  Geo.  Trans,  o.s.  i.  pp.  143-145.  Mr.  Majendie,  Cornwall 
Geo.  Trans,  i.  p.  25.  Mr.  Hawkins,  Ibid.  p.  136.  Mr.  Carne,  Ibid.  ij.  pp. 
69-79.  Dr.  Forbes,  Ibid.  p.  267.  Prof.  Sedgwick,  Cambridge  Phil.  Trans. 
I.  pp.  108-113-118-134.  Mr.  Carne,  Cornwall  Geo.  Trans,  iii.  p.  242. 
M.  M.  Oeynhausen  and  Dechen,  Phil.  Mag.  and  Annals  v.  (1829)  pp.  162- 
243.  Dr.  Boase,  Cornwall  Geo.  Trans,  iv.  p.  353,  and  Treatise  on  Primary 
Geology,  pp.  127-152-172.  Mr.  Bakewell,  Introduction  to  Geology  (4th  ed.) 
p.  92,  and  Mr.  De  la  Beche,  Geo.  Manual,  (3rd  ed.)  p.  460. 

VOL.  V.  F 
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a  few  distributed  in  more  irregular  modes.  Viewed 
as  a  whole  they  may  be  regarded  as  varieties  of 
greenstone^  often  assuming  a  slaty  cleavage;  but 
no  regular  order  of  succession  seems  to  prevail  in 
the  massive  and  schistose  varieties :  the  accidental 
minerals  (if  they  may  be  called  so)  seem  generally 
to  occur  in  the  former. 

At  the  Lariggan  rocks  the  hornblende  appears  to 
be  replaced  by  actynolite,  which  is  mixed,  and  in 
some  cases  almost  superseded  by  axinite ;  and  these 
minerals  seem  regularly  mixed  with  the  felspar. 
In  other  spots,  e^.,  at  the  Penzance  gas-works,  and 
at  the  Greebe  rock,  the  axinite  and  actynolite  are 
collected  in  distinct  veins  and  masses. 

Towards  the  eastern  extremity  of  the  district,  and 
at  some  distance  from  the  granite  (whether  it  be 
the  great  mass  which  forms  the  larger  portion  of 
the  western  peninsula,  or  the  smaller  patch  of  Saint 
Michael's  Mount)  the  greenstone  rocks  are  succeeded 
by  very  schistose  rocks  of  a  deep  blue  colour  ar,U 
very  silky  lustre.*  These  are  more  frequently 
traversed  by  veins,  strings,  and  irregular  masses  of 
quartz,  which  sometimes  fall  in  and  associate  with 
the  metalliferous  deposits,  and  form  integrant  parts 
of  the  lodes^  as  in  Wheal  Darlington,  (Tab.  xxiv^) 
the  Mara%ion  Mines,  (Tah.  xxv.,)  &c. 

The  cleavage  of  all  the  schistose  rocks  of  the 

*  Hhe  mines  which  are  worked  in  the  schistose  rocks  invariably  ailbrd  more 
water  than  thode  in  the  massive.  At  Wheci  DarUngtim  the  water  issuing  ftom 
the  eros^-cmtnef  at  the  depth  of  99  fathoms  is  extremely  salt,  whilst  that  from 
the  hde  at  bat  a  foot  or  two  dSiitant  is  very  much  less  so,  although  this  9SB0 
contains  salt. 
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The  granite  and  the  slate  are  alike  traversed  by 
several  ehan  courses.  Mr.  Carne*  mentions  one  at 
Bosava^  in  Paul ;  and  Dr.  Boasef  describes  another 
at  Mousehole,  which  are  both  in  granite.  The  best 
known  and  most  frequently  described  elwin  in 
Cornwall,  after  passing  under  the  pier  at  Penzance, 
is  visible  for  a  considerable  distance  on  the  shore 


'<  the  slate.  In  some  places  there  is  a  mere  opposition  without  intermixture  of 
*'  the  two  rocks ;  in  others  the  intermixture  is  so  complete  as  to  render  it  im- 
«  possible  to  say  to  which  of  the  two  certain  considerable  masses  belong." 

Dr.  Forbes,  Cornwall  Geo.  IVaii«.  ii.  p.  S67. 
*'  Saint  Michael's  Mount  is  a  fine  instance  of  veined  granite,  and  of  the 
"  varieties  of  rock  which  arise  from  such  a  texture.  It  affords  also  a  very 
'^  striking  illustration  of  the  fact,  that  veins  which  have  every  appearance  of 
«  being  contemporaneous,  often,  for  a  considerable  extent,  preserve  a  paral- 
'^  lelism  among  themselves.  It  must  at  the  same  time  be  observed,  that  the 
'*  largest  veins  which  range  in  a  direction  nearly  east  and  west,  are  accom- 
'*  panied  by  fissures,  which  divide  the  whole  Mount  into  parallel  vertical 
"  beds.  Between  these  beds  are  found  oxide  of  tin,  wolfram,  apatite,  the 
*'  topaz,  and  some  of  the  rarer  minerals  of  the  county.'* 

Prof.  Sedgwick,  Cambridge  Phil.  Trans,  i.  pp.  108-100. 

*  ^*  In  general  it  contains  scarcely  any  mica,  but  ^  great  deal  of  schorl, 
<<  which  rarely  appears  mixed  up  with  other  parts  of  the  granite,  but  in  small 
<'  separate  bunches  ;  in  some  parts  it  appears  to  consist  of  quartz,  schorl,  and 
**  mica,  and  to  contain  no  felspar ;  another  variety  exhibits  schorl,  felspar,  and 
**  mica,  vnth  scarcely  any  quartz.  This  granite  has  been  seen  about  ten  feet 
"  below  the  surface  where  it  is  found  in  irregular  laminse,  much  like  the 
''  common  elvan  stone,  and  indeed  this  is  almost  the  only  circumstance  in 
"  which  it  resembles  the  porphyritic  elvan  of  the  mining  district :  it  is,  for  the 

most  part,  equally  tough,  and  as  easily  wrought,  as  other  granite.    It  occurs 

in  a  regular  channel,  of  which  it  is  difficult  to  ascertain  the  width ;  but  from 
"  the  appearance  of  the  surface,  I  think  it  cannot  be  less  than  from  150  to  200 
**  feet.    Its  direction  is  about  north-east  and  south-west." 

Cornwall  Geo,  Trans,  iii.  pp.  242-243, 

t  "  The  several  granite  veins,  for  the  most  part,  consist  of  compact  felspar; 
''  which,  in  some  places,  is  very  quartzose,  but  seldom  porphyritic.  The  large 
**  northern  vein  or  elvan,  however,  often  abounds  in  crystals  of  felsjiar.    •  « 


ti 


*'  The  elvan  appears  to  occupy  the  declining  surface,  as  it  dips  northward,  so 
'^  as  to  cross  the  laminae  of  the  slate :  and  it  is  worthy  of  remark,  that  the 
*^  strike  of  the  slate  generally  winds  round  this  granitic  promontory ;  so  that, 
*"  approaching  St.  Paul,  it  becomes  N.,  and  at  length  N.W.;  which  fact  may 
*'  account  for  the  deviation  of  the  elvan  from  a  course  parallel  with  the  granite 
"  veins."  Dr.  Boase,  Primary  Geology,  pp.  168-158. 
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westward  *  and  at  the  Wherry  Mine  it  is  worked 
for  the  tin  ore  which  is  disseminated  through  it.f 
In  the  eastern  part  of  the  district  several  ehan 
courses  are  known.  There  is  one  at  Great  Wheal 
Fortune,X  a  second  at  Gwallon,^  and  a  third  near 
the_  Marazion  Mines.\\  In  Wheal  Darlington^ 
there  are  three,  which  are  probably  the  westerly 
extensions  of  those  which  appear  in  the  three  mines 
before  mentioned,  and  it  seems  likely  that  the  Pen- 
zance pier  elvan  is  the  still  western  prolongation  of 
one  of  them. 

All  of  them  consist,  more  or  less,  of  a  fine  grained 
basis  of  felspar  and  quartz,  and  contain  large  por- 
phyritic  crystals  of  felspar,  double-pointed  crystals 
of  quartz,**  with  nests  and  spiculae  of  schorl ;  but 
in  the  aggregation  of  the  minerals,  and  in  the  hard- 
ness of  the  rock,  the  same  course  presents  frequent 
irregularities, — they  all  bear  about  S.W, 


•  **  Immediately  at  the  back  of  the  pier  it  (the  elvan)  may  be  seen  stretching 
*'  N.E.  and  S.W.,  and  inclining  at  a  great  angle  northward.  It  is  a  porphy- 
"  ritic  felsparite  (felspar  porphyry),  the  imbedded  crystals  being  small  and 
"  white  :  these  gradually  disappear  towards  the  sides  of  the  bed,  till  at  last 
"  this  rock  is  a  plain  compact  felsparite,  very  hard,  apparently  in  consequence 
"  of  an  excess  of  silica  in  its  composition ;  and  in  this  part,  veins  of  quartz  are 
"  frequent,  as  is  also  the  case  in  the  adjoining  stratum  of  compact  actynolite 
"  rock,  at  the  point  of  their  junction,  where  these  rocks  cien  only  be  distin- 
"  guished  from  each  other  by  the  blue  colour  of  the  latter,  «  *  *  in  some 
"  points  the  line  of  junction  between  the  elvan  and  the  slate  bears  N.E.  by  E. ; 
"  or  even  N.E.,  as  at  the  back  of  the  pier;  the  general  direction  of  the  whole 
**•  course,  however,  is  E.  by  N.,  and  W.  by  S." 

Dr.  Boase,  Primary  Geology,  p.  50. 

t  Mr.  Hawkins,  Cornwall  Geo.  Trans,  i.  p.  136.  Mr.  Carne,  Ibid.  ii.  pp. 
79-80-82.  Dr.  Forbes,  Ibid.  n.  p.  271.  M.  Fournet,  Etudes  surles  depots 
M^tallif^res,  p.  112 

X  This  Volume,  Table  xxix.  §  Ibid.  Table  xxxi.  ||  Ibid.  Table  xxv. 
This  is  quarried  for  building  purposes,     f  Ibid.  Table  xxiv. 

**  Double-pointed  crystals  of  quartz  are  seldom  found  except  in  elvan-courses, 
but  in  them  they  occur  in  almost  every  locality  with  which  I  am  acquainted. 
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The  most  considerable  metalliferous  deposit  yet 
known  in  the  granite  of  this  district^  is  at  the  Garth 
Mine,*  near  Burias  bridge.  The  lode  ranges  about 
25<>  S.  of  W.,  dips  S.  65-80'',  and  has  been  worked 
to  a  depth  of  30  fathoms.  It  is  from  4  to  12  feet 
wide,  and  composed  of  veins  of  pale  buff  coloured 
felspar  and  quartz,  among  which  are  disseminated 
the  small  botryoidal  concretions  of  wood  tin  which 
occur  principally  in  the  felspar  veins.  The  lode 
has  been  most  productive  near  a  cross-^ouree  which 
intersects  it. 

Some  small  excavations  have  also  been  made  at 
Tredavoe,  and  near  Mousehole,  but  hitherto  without 
much  success. 

Near  Newlyn  the  greenstone  is  traversed  by  some 
large  veins  of  quartz,  on  one  of  which  some  trials 
have  been  made,  and  small  quantities  of  copper 
pyrites  extracted  from  it. 

The  principal  metalliferous  deposits  are,  however, 
in  the  slate-rocks  near  Marazion  and  Goldsithney ; 
the  eastern  part  of  the  district.  The  lodes  generally 
bear  about  20^  S.  of  W.,  and  dip  towards  the  south 
at  various  angles  ;f  they  usually  produce  copper 
pyrites,  but  where  they  come  into  contact  with  ehan 
they  yield  vitreous  copper  ore  also.  Most  of  them 
contain  the  oxide  of  tin  dispersed  in  considerable 
quantities  among  the  copper  ores.  In  all,  the  general 
dip  (shoot)  of  the  ore  is  towards  the  east. 

There  are  some  cross-courses  and  flueansX  but 
they  are  not  numerous. 

*  Mr.  Carne,  Corawall  Geo.  Trans,  i?.  p.  97. 

t  There  are  curious  intersections  of  lodes  in  Wheal  Jkarlingtim^TMibXLVl, 

t  Flucans,  are  cross-veins  composed  of  clay. 
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None  of  the  ehan-^ourses  are  metalliferous  except 
that  at  the  Wherry  mine,  where  the  masses  and 
veins  of  the  oxide  of  tin,  which  are  distributed 
through  it  without  regularity,  rather  appear  to  fol- 
low the  intersection  of  the  ehan*  by  the  Black  lode. 

At  Gumllon  mine,f  the  lode  reposes  conformably 
on  the  elvan  for  a  very  considerable  distance ;  and 
at  Great  Wheal  Fortune,X  when  the  lode  stands 
between  elvan  and  slate,  the  part  in  contact  with 
the  former  yields  vitreous  copper  ore,  and  that 
which  joins  the  slate  a£fords  copper  pyrites. 

The  joints  or  lines  of  structure  which  intersect 
the  rocks  and  veins,  separating  them  into  quadran- 
gular masses,  have  perhaps  been  observed  in  no 
other  district  so  accurately  as  in  this.§ 

The  situations  of  the  mines  are  very  various ;  Great 
Wheal  Fortune,  Rospeath,  Gwallon,  and  the  Maara- 
zion  Mines,  are  on  hills  of  small  elevation,  and  Wheal 
Bolton,  Retallack,  Wheal  Darlington,  and  Wheal 
Elizabeth,  are  on  low  lands  and  gentle  declivities. 


*  Mr.  Carne  correctly  describes  the  dip  of  this  elvan  towards  the  norths 
Cornwall  Geo.  Trans,  ii.  p.  82.  t  Table  xxvi.        %  Table  xxix. 

§  At  St.  Michael's  Mount,  "  in  the  greater  part  of  the  western  precipice^ 
"  flie  decay  of  the  veinstones  has  left  wide  and  deep  fissures  in  the  rock,  which 
<<  are  seen  traversing  it  from  top  to  bottom,  and  diriding  it  into  vertical  plates 
"  or  masses."  Dr.  Forbes,  Cornwall  Geo,  Trans,  ii.  p.  371. 

'*  The  elvan  (on  the  beach  at  Penzance)  is  traversed  by  lines  or  joints,  which 
"  cross  it  in  the  direction  of  S.  by  E.,  and  N.  by  W.:  these  lines  are,  in  one 
"  spot,  very  close  together,  and  there  the  porphyry  is  much  stained  with  oxide 
'*  of  iron,  and  is  in  a  decomposing  state  ;  and  the  rock  adjoining  is  similarly 
*'  ciicnmstanced.  Where  the  elvan  is  a  well-characterized  porphyry  the  lines 
'^  are  further  apart, — that  is,  the  elvan  is  composed  of  larger  concretions.  But 
^  the  most  important  circumstance  eonceming  these  lines  is,  that  they,  in  innn- 
"  merable  places,  continue  their  course  uninterruptedly  into  the  slate." 

Dr.  Boase,  Primary  Geology j  p.  52. 

At  Mousehole,  '^  both  the  granite  and  the  slate  are  traversed  by  fissures,  or 
'*  joints  parallel  with  the  granite  and  quartz  veins,  which  intersect  the  mass  at 
"  right  angles.  Sometimes  these  lines  correspond  with  the  point  of  junction, 
"  bat  very  often  they  pass  indifferently  through  either  rock."        Ibid.  p.  153. 
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I  here  conclude  the  observations  which  strictly 
belong  to  my  subject ;  but  I  wish  to  add  that  a  bed 
of  stream  tin  ore,  of  very  inferior  produce,  some  20 
or  30  feet  above  the  sea-level  near  Newtown^  on 
the  Marazion  green,  has  for  many  years  afforded 
employment  to  a  few  persons ;  and  that  in  the  vale 
between  Wheal  Darlington  and  the  Marazion  MimM 
there  is  a  thin  and  poor  bed  of  tin-ground  resting 
on  the  shelf  ^  at  about  the  sea-level ;  on  this  is  laid 
a  bed  of  vegetable  matter  containing  the  trunks  and 
branches  of  oak,  willow,  hazel,  and  perhaps  other 
trees,  and  nuts  in  abundance ;  this  is  again  covered 
to  the  level  of  the  slimy  soil  bearing  the  present 
vegetation  by  sea-sand  mixed  with  shells. 

A  submarine  bed  of  vegetable  remains  is  well 
known  to  exist  under  the  beaches  of  both  the  eastern 
and  western  greens.f 

Layers  of  pebbles  and  boulders  are  met  with  at 
Mousehole,  a  little  above  the  ordinary  high-water^ 
and  at  Morrab  Place,  in  Penzance,  at  least  80  feet 
above  the  sea-level.  These,  however,  may  be  the 
effects  of  some  flood,  and  not  owing  to  any  changQS  in 
the  relative  levels  of  land  and  sea  at  various  epochs. 

The  scenery  of  this  district  is  altogether  unlike 
that  general  in  the  mining  tracts  of  Cornwall.  They 
are  commonly  wild,  barren,  and  uncultivated  heaths ; 
but  this  presents  a  gentler  aspect,  and  its  high  - 
culture  and  luxuriant  vegetation  well  entitle  it  ic^ 
be  called  ''  the  garden  of  Cornwall." 


ii.., . 


*  The  bed  of  stream  tin  ore  is  called  the  tin-ground;  and  the  rock  on  H^Utik 
it  rests,  the  8he{f,  ;■{ 

t  Dr.  Borlase,  Natural  History,  p.  222.  Dr.  Barham,  CknrnwaU  Geo. 
Trans,  iii.  p.  101.     Dr.  Boase,  Ibid.  p.  171. 

X  Mr.  Came,  Cornwall  Geo.  Trans,  iii.  p.  235. 
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THB  GWINBAR  AHD  CftOWAil   DUTUOT, 

Compriaos  the  parishes  of  Gwinear  and  Croww  and 
a  part  of  Phillacfc.  It  is  bounded  on  the  north  by 
the  Bristol  Channel*  on  the  east  by  an  imaginary 
line  drawn  from  the  sea  to  the  eastern  end  of 
Ctowance^wall,  on  the  south  by  the  brook  which 
divides  Cro wan  from  Breage^and  on  the  west  by 
the  river  which  runs  from  Relnbhis  to  Hayle. 

It  consists  of  a  group  of  slate-rocks  subordinate 
to  the  granite  of  Crowan,  and  is  intersected  by  a 
great  many  Elwm^oMrses:  on  the  sea-coast  ask  exr 
tensive  tract  is  covered  by  a  mass  of  drifted  sea-eand. 

In  the  elevated  range  of  granite  there  have  been 
some  workings,  at  Trenoweth  and  Copper-Hilli  bpt 
they  were  inconsiderable^  and  have  for  some  time 
been  abandoned. 

The  slate  series  has  an  undulating  surface  of  low 
hills,  intersected  by  several  small  valleys  which  all 
run  towards  the  north. 

The  general  character  of  the  rocks  of  this  system 
is  schistose,  and  the  dip  of  their  cleavage  is  towards 
the  north  and  north^^east.  Near  Hayle*  they  change 
from  a  light  blue  into  a  pale  buff;  at  Angarrack  the 
blue  colour  prevails,  as  it  does  also  at  Herland  and 
Belistiwi,  but  in  these  Mines  blue  and  white  laminse 
alternate,  and  the  general  inclination  of  the  cleavage, 
which  is  still  towards  the  north,  is  frequently  curved 


m^^^'t^f^m'^ 


*  "  Around  Hayle,  a  dark  blue  hombleade-rock  prevaUt ;  it  is  prone  tn 
*'  decay,  by  which  it  becomes  of  a  yellowish  colour,  and  full  of  ipaumerabte 
**  joints  and  f»Bwres."    Btti  Bo  ass,  ComuntU  Geo,  IVofM.  lY.  p.  847. 
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and  contorted.  At  Relistian*  the  slate  contains 
numerous  spheroidal  concretions,  some  of  them  are 
compact,  others  schistose  slate,  and  others  are 
entirely  of  quartz.f  In  Herland,X  at  about  110 
fathoms  deep,  there  are  numerous  nodular  masses 
of  granite,  which  consist  of  a  basis  of  felspar, 
with  some  quartz  and  a  little  mica ;  they  are  fine 
grained  and  decomposing.  They  vary  in  size,  and 
whilst  some  are  not  larger  than  a  hazel-nut,  others 
are  two  or  three  feet  in  diameter.  Both  at  Relistian 
and  Herland  they  are  entirely  enveloped  by  the 
slate»  and  have  no  apparent  connexion  with  each 
other ;  neither  have  the  masses  of  granite  in  the 
latter  any  contact  with  the  lodes ^  or  with  any  of  the 
small  strings  of  quartz  traversing  the  slate. 

Between  Angarrack  and  Nanpusker,  near  Tre- 
nawin,  and  at  Trevaskus  massive  hornblende  rocks 
occur.  These  consist  almost  entirely  of  felspar  and 
hornblende,  and  sometimes,  but  rarely,  they  have  a 
crystalline  structure :  usually,  however,  their  aggre^ 
gation  is  lamellar,  with  but  few  indistinct  traces  of 
slaty  cleavage.  The  minerals  are  arranged  in  some- 
what parallel,  but  small  and  irregular  laminae.  The 
opportunities  for  examining  their  structure  are, 
however,  neither  considerable  nor  numerous.  At 
Trevizskus  the  greenstone  is  quarried  for  building 
purposes;    and  there  I  obtained  some  very  good 


*  Table  xxxvi.  t  '*  In  Cornwall,  the  compact  variety  of  chlorita-acluBl 
near  Relistian  Mine  exhibits  this  conglomerated  structure ;  its  nodules  are 
not  globular,  but  flattened ,  and  are  composed  of  concentric  layers,  tlie  outer 
**  ones  being  softer  and  more  chloritk,  the  central  onea  more  compact  and 
»•  cnrstalllne,"    Da.  Boasb,  Ptvmrif  CMogy,  p.  115.        X  TW>le  xxxtT, 
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specimens  of  asbestiform  actynolite^  and  also  of 
axinite,  from  an  irregular  vein  which  seemed  con- 
nected, in  a  manner  not  very  intelligible,  with  a 
cross-vein  of  quartz. 

Ehanrcourses  abound  in  this  district,  but  their 
directions  are  very  various.  At  Hayle  Foundry, 
and  twice  between  that  place  and  Hayle  Copper- 
house,  elvan  appears ;  another  occurs  a  little  north 
of  Saint  Erth  church.  At  Wheal  Alfred,  Trevas- 
kus,  Ilerland  in  two  places,  at  Drannack,  Bosoral, 
ReUstiaUy  Parhola,  Duffield  in  three  places.  Wheal 
Providence,  Wheal  Sarah,  south  of  Wheal  Straw- 
berry C  Wheal  Julia),  and  at  Skues,  elvans  are  seen. 
In  general  they  bear  about  N.E.  and  S.W.,  and  vary 
very  much  in  dip  and  in  breadth  ;  but  they  are 
commonly  several  fathoms  wide,  and  dip  much  less 
than  the  lodes.  Most  of  them  are  composed  of  a 
basis  of  compact  felspar,  which  here  and  there  (at 
Herland  for  example)  becomes  quartzose ;  the  im- 
bedded minerals  are  felspar  and  quartz,  sometimes 
in  well-defined  crystals,  but  often  confused.  Many 
of  the  elvans  abound  in  schorl,  and  a  few  contain 
mica. 

A  considerable  part  of  the  elvan-course  at  Relistian 
has  been  taken  away  for  the  sake  of  the  tin  ore  which 
it  contained,  and  an  open  excavation  from  the  surface 
to  39  fathoms  deep  attests  its  former  productiveness. 
It  bears  about  16^  S.  of  W.,  is  nearly  perpendicular, 
and  is  1 1  fathoms  wide ;  as  the  whole  which  con- 
tained tin  ore  is  removed  it  is  not  now  possible  to 
ascertain  the  mode  of  arrangement  of  the  metallic 

G  2 
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mineral.  In  several  spots,  round  pieces  of  the  rock 
precisely  similar  in  character  to  the  contiguous  mass^ 
have  been  found  firmly  imbedded  in  the  ehan. 

In  some  parts  the  ehan  of  RelUtian  is  a  well-- 
characterized  felspar  porphyry,  in  others  it  becomes 
quartzose,  and  it  then  contains  copper  and  iron 
pyrites,  and  oxide  of  tin ;  it  is  then  called  the  South 
lode,  and  the  mass  of  round  stones  mixed  with  these 
minerals  which  occurred  in  one  part  of  it  was  well 
known  and  has  been  often  described.* 

At  Parbolaj'  the  elvan-course  bears  about  10^  N. 
of  W.,  and  dips  S.  40-60^,  it  is  about  12  fathoms 
wide.  Its  basis  is  a  compact  fine  grained  felspar^ 
containing  some  quartz  and  schorl ;  where  it  ap^ 
proaches  the  contiguous  slate,  it  is  generally  of  a 
very  much  finer  texture  than  elsewhere.  It  has  a 
very  irregularly  jointed  structure  and  the  crevices 
are  filled  with  felspar  clay. 

The  elvan  is  everywhere  traversed  by  minute  and 
innumerable  veins  and  strings  of  tin  ore  which  bear 
about  20^  W.  of  S.,  and  are  usually  parallel,  but  often 
intersect,  both  in  dip  and  direction.  Several  of  them 
occasionally  unite  and  form  a  bunch,  and  afterwards 
separate  again.;];  The  joints  of  the  rock  traverse  all, 
but  displace  none  of  them  ;  and  they  all  terminate  at 
the  slate  which  bounds  the  ehan  on  both  sides.    The 


1 1  »i  <  >i  I  w  »h  m-'^im'^r^m.^. 


*  Mr.  Came,  Phil*  Trans,  for  1807,  p.  29S. 

t  In  this  mine  I  suffered  a  fracture  of  the  Imee  joint,  by  the  fall  of  a  ilone 
on  me. 

t  They  closely  resemble  the  little  veins  of  tin  ore  in  the  granite  of  CwncUUt 
and  of  copper  ore  in  the  slate  at  Wheal  MuHc;  and  possibly,  in  some  respects, 
the  Wherry  Mine,  which  is  also  in  elvan. 
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slate^  greenstone,  and  elvan^  are  all  traversed  by 
joints  which  remarkably  coincide  with  the  directions 
of  the  lodes ;  and  in  the  schistose  varieties  of  the 
slate  the  joints  are  often  filled  with  extremely  thin 
plates  of  white  quartz.  Strings  of  quartz  from  the 
hdes  often,  as  in  Herland,f  pass  off  between  the 
laminae  of  the  slate,  but  the  plates  I  have  mentioned 
are  never  observed  to  do  so. 

There  are  two  principal  series  of  lodes;  one  of 
which  bears  about  26^  S.  of  W.,  the  other,  the 
Caunter  lodes,  about  20^  N.  of  W.  The  great 
prevalence  of  the  latter  forms  one  of  the  chief 
peculiarities  of  this  district. 

The  dip  of  all  the  lodes,  a  very  few  excepted,  is 
towards  the  south. 

Another  very  striking  character  of  the  lodes  in 
this  district,  which  is  very  unusual  elsewhere,  is  that 
they,  as  well  as  the  contiguous  rocks,  alike  contain 
large  quantities  of  the  globular  concretions  already 
noticed.  The  case  of  Relistian  has  been  long  known ; 
but  there  are  similar  and  equally  curious  phenomena 
in  another  lode  in  the  same  mine,  discovered  since 
Mr.  Carne's  publication,;!;  and  also  in  Trevaskus  and 
Herland. 

A  cursory  inspection  reveals  but  little,  a  narrower 
scrutiny  and  the  breaking  of  the  rock,  however,  will 
in  many  cases  discover  that  it  consists  of  large 
numbers  of  spheroidal  masses  cemented  together  by 
a  matrix,  sometimes  quartzose,  but  oftener  slaty. 

*  The  joints  are  often  less  regular  in  elvan,  than  in  the  contiguous  rocks. 
t  Table  xxxiv.     t  Phil.  Trans.  1807,  p.  293. 


40        W.  J.  Henwood^  on  the  MetalUfefoM 

^hese  round  stones  are  sometimes  massive  and  at 
others  schistose  slate,  and  in  one  case  in  ReUstian  I 
have  seen  a  piece  of  elvan  so  enclosed ;  whilst  at 
Trevashus  globular  lumps  of  copper  pyrites  are 
often  surrounded  by  quartz,  and  in  the  Badger  lode 
in  Herland^  round  masses  of  granite,  slates,  and 
elvan^  are  indiscriminately  mixed  and  cemented 
together  by  a  basis  which  is  sometimes  of  felspar 
and  quartz  with  a  little  mica,f  and  at  others  of 
qilartzose  slate,  iron,  and  copper  pyrites* 

The  Badger  lode  in  Herland,  the  South  lode  in 
ReUstian,  Trevaskus,  and  Duffieldy  are  the  only 
localities  yet  known  in  the  district  where  these 
spheroidal  masses  occur  in  the  lodes :  for  they  are 
generally  seen  in  a  layer  of  rock  which  cannot 
properly  be  called  the  lode,  but  which  intervenes 
between  the  lode  and  the  country,  and  is  of  an 
intermediate  character. 

It  should  be  added  that  the  granitic  masses  in  the 
slate  at  Herland,  and  the  round  ehan  stones  in  the 
ehanrcourse  at  ReUstian,  are  far  removed  from  any 
metalliferous  deposit. 

Copper  pyrites  is  the  most  abundant  mineral  in 
the  district ;  but  vitreous  copper  ore,  and  the  oxide 
of  tin  are  also  found  in  small  quantities  in  most  of 
the  mines.  At  Car%ise,  Godolphin,  and  Trevadms, 
however,  they  are  the  principal  produce.  At  Her^ 
land  large  quantities  of   silver,    in    the  state  of 

*  A  paper  of  my  own ;  Edin,  New  Phil.  Journal,  3Uii.  p.  166. 
t  Mr.  Edmonds,  Cornwall  Geo.  Trana.,  iii.  p.  3S2. 
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THB  HELSTON   DISTRICT^ 

Is  bounded  on  the  north  by  the  rivulet  which 
divides  the  parishes  of  Breage  and  Crowan,  and  by 
the  granitic  range  of  Wendron ;  on  the  east  by  an 
imaginary  line  from  Wendron  church  to  the  sea ;  by 
the  Mount's-Bay  on  the  south ;  and  on  the  west  by 
another  line  drawn  from  Prarsands^  till  it  touches 
the  Parish  of  Crowan. 

It  comprehends  parts  of  the  parishes  of  Germoe, 
^Yeage^  and  Wendron,  the  whole  of  Sithney,  and 
^^  the  town  of  Helston. 

It  contains  all  the  granitic  tract  of  Godolphin 

^i:id  Tregoning-hills,  and  a  part  of  the  great  central 

^^^ass  of  granite  in  the   parishes  of  Sithney  and 

^VVendron ;  its  other  rocks  are  massive  and  schistose 

elates,  and  a  few  ehan-caurses. 

The  granite  of  Godolphin-hill,  though  now  and 
then  coarse^  is  in  general  very  fine  grained  and  hard; 
and  consists  for  the  most  part  of  a  yellowish  white 
and  pale  brown  felspar,  quartz,  and  dark  mica,  and 
abounds  in  radiating  crystals  of  schorl.  That  of 
Tregoning-hill  is  chiefly  talcose  granite  (protogine)* 

*  «  Tregonning  Hill  appears  to  consist  almost  entirely  of  a  talcose  granite,  very 
*'  like  the  china-stone  of  St.  Stephens :  indeed  some  part  of  it  is  extensively 
*'  decomposed,  and  has  been  worked  for  china  clay.  This  kind  of  granite 
*'  contains  large  beds  composed  almost  entirely  of  granules  of  white  qaartz, 
"  the  interstices  being  occupied  by  a  yellow  granalar  talc.  There  are,  howoYer, 
*'  in  this  hill  some  beds  of  fine  grained  granite  which  have  been  quarried  on  a 
"  great  scale,  as  a  building  stone,  more  particularly  for  window-sells,  lintels, 
^*  pillars,  and  other  ornamental  parts,  for  which  purposes  it  is  well  adapted,  as 
*'  it  splits  readily  into  long  blocks  and  slabs ;  it  is  generally  called  Breage- 
"  stone."    Dr.  Boasb,  Cornwall  Geo.  Trans,  ly.  p.  349. 

**  The  talcose  granite,  or  protogine,  also  possesses  its  quartzose  varieties 
**  under  similar  circumstances  as  the  true  or  micaceous  granite,  and  more  par- 
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of  an  ordinary  texture^  its  felspar  crystals  are  ill 
defined ;  the  talc  is  sometimes  white,  but  often  of  a 
pale  yellow  passing  into  very  light  green  ;  and  the 
proportion  of  quartz  is  rather  small. 

On  the  eastern  side  and  near  the  summit  of  the 
latter^  it  is  extensively  quarried  for  building;  and 
on  the  western  slope  it  is  also  here  and  there  worked 
for  china-stone  which  is  exported  to  the  Potteries** 
Some  china-storte  is  also  obtained  near  Wheal  Tre- 
wavas. 

At  Tresowes-moor  between  Tregoning-hill  and 
Germoe  church,  an  attempt  has  been  made  to 
procure  china-clay,  but  it  has  been  attended  with 
such  partial  success  as  did  not  warrant  its  prosecu- 
tion. The  whole  of  this  tract  apparently  consists 
of  this  disintegrated  granite,  as  the  rubbish  lying 
about  the  deserted  workings  at  West  Wheal  Vor, 
and  near  Germoe  is  nothing  else. 

The  granite  extends  from  a  short  distance  west 
of  Germoe  church  to  Carleen  mine  (a  part  of  Wheal 
Vor)  on  the  east ;  and  from  Godolphin  6n  the  north, 
to  the  Mount's-Bay  on  the  south.  It  occupied  the 
coast  from  the  eastern  part  of  Pra-sands  to  the  little 
cove  at  Trequean,  with  the  exception  of  a  small 
patch  of  slate  at  Rinsey.f 

'*  ticalarly  that  kind  which  results  from  the  disappearance  of  the  felspar ;  and 
^'  is  a  grannlar  compound,  of  a  greenish  colour.  It  is  common  in  the  china- 
<<  stone  quarries  in  the  central  district,  where,  however,  it  is  generaUy  associated 
''  with  shorl ;  and  it  projects  on  the  side  of  Tregonning  Hill,  in  the  form  of 
''  tors,  or  perhaps,  rather,  of  boulders  or  transported  masses/' 

Dr.  Boase,  Treatise  on  Primary  Geohgy,  p.  19. 
*  The  china-stone  quarries  are  held,  and  worked,  by  some  of  the  Staffordshire 
earthenware  manufacturers, 
t  ^'  Immediately  under  fUnsey  a  patch  of  felspar  slate  lies  on  (he  side  of  the 


Deposits  of  Cornwall  and  Devon.  45 

The  joints  are  extremely  well  shown^  but  their 
directions  are  by  no  means  regular.  Their  most 
common  bearing  is  about  20^  E.  of  N.^  but  another 
system  bears  about  20°  W.  of  N.,  and  a  third  nearly 
N.W. 

There  is  a  very  distinct  bedding  of  the  rock,* 
which  seems  in  its  dip  to  have  some  coincidence 
with  the  external  form  of  the  hill ;  thus,  in  the 
quarries  on  the  east,  it  dips  E. ;  in  the  chinorstone 
quarries  on  the  west,  it  dips  W. ;  and  where  the  hill 
declines  towards  the  south,  as  well  as  at  Wheal 
Trewava^y  where  the  slope  towards  the  cliff  has  an 
inclination  in  a  similar  direction,  the  d^^Mn^  appears 
to  have  a  southerly  dip. 

.  The  granite  of  the  Wendron  and  Crowan  patch 
is  of  a  very  different  character.  As  much  of  it 
as  comes  within  the  limits  of  this  district,  for  in- 
stance, that  about  Wheal  Trannack  and  Wheal 
Trumpet  is  coarse  grained,  and  consists  of  a  basis  of 
compact  felspar,  either  white,  greenish,  or  pale  buff, 

^^  granite,  as  at  Tremearne;  and  exhibits  similar  phenomena:  it  extends  round 
"  the  head-land  as  far  as  the  village  of  Pra,  where  the  granite  projects  in  large 
"  scattered  masses/'     Dr.  Boasb,  Cornwall  Geo.  Trans,  iv.  p.  354. 

**  About  half  way  between  (Trewavas  Head)  and  the  east  side  of  Pra-sands, 
'*  a  patch  of  slate  occupies  the  base  of  the  cliffs  for  about  300  feet. 

^'  On  descending  during  low  water,  to  the  margin  of  the  sea,  we  find  all  the 
^^  intermediate  space  occupied  by  nearly  horizontal  beds  of  killas  which  are 
'^  soft,  micaceous,  and  in  a  more  advanced  stage  of  decomposition  than  is  gene- 
^'  rally  exhibited  in  similar  situations.  At  their  western  extremity  they  are 
*^  seen  reposing  on  the  granite,  though  not  adhering  to  it ;  but  at  the  eastern 
'^  side  of  the  cove  they  are  at  once  cut  off  by  a  projecting  mound  of  granite,  in 
''  such  a  manner,  that  the  line  of  demarcation  may  be  traced  in  a  direction 
**  perpendicular  to  the  horizon,  from  the  base  of  the  cliffs  till  it  is  lost  in  tlie 
"  alluvial  cap  at  the  top,"  Professor  Sedgwick,  Cambridge  Phil,  Trans,  i. 
pp. 111-114. 

♦  "  In  one  part  of  Tregoaing  Hill  the  Granite  appears  to  be  regularly 
"  stratified."     Mr.  Carne,  Cornwall  Geo^  Trans,  ir,  p.  94,— note. 

H  2 
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with  quartz,  and  dark  mica,  and  enclosing  numerous 
large  crystals  of  white  or  pale  brown  felspar.*  In 
many  places  it  contains  beds  and  veins  of  a  finer 
grained  variety,  but  of  similar  composition. 

The  junctions  of  granite  and  slate,  and  the  veins 
of  the  former  traversing  the  latter,  are  as  remarkable 
and  as  instructive  as  any  of  the  numerous  examples 
which  this  County  affords.  Many  of  these  have  been 
so  often  described,  that  I  shall  merely  quote  the 
remarks  of  observers  of  great  eminence,  with  whom 
I  entirely  concur.f 

*  **  At  Trumpet  tin  mine,  a  little  south  of  Wendroo,  the  granite  is  very 
'*  crystalline ;  its  white  felspar  is  in  excess,  and  is  generally  in  the  form  of 
'*  large  porphyritic  crystals.  One  kind  of  this  granite,  though  quite  hard  and 
"  unchanged  when  brought  to  the  surface,  becomes  in  two  or  three  years  quite 
**  disintegrated :  and  indeed  adjoining  the  lode,  it  is  frequently  in  this  condition 
**  to  a  considerable  depth."    Dr.  Boase,  Cornwall  Geo.  TVwu.  iv.  p.  SS2» 

t  So  long  ago  as  the  year  1792,  Mr.  John  Tallack,  speaking  of  this  district, 
said  **  the  cliffs  were  wonderfully  compounded,  numerous  beds  of  growan  and 
**  killas  of  all  dimensions,  from  10  feet  to  an  inch,  alternating  with  each  other. 
4(  «  •  •  •  «  They  are  not  elvan,  but  real  growac  and  killas.  The  beds  dip 
**  about  1  foot  in  20  towards  the  south." 

Mr.  Hawkins,  Cornwall  Geo,  TrwM,  ii.  p.  S80. 

**  About  a  quarter  of  a  mile  east  of  Trewavas  point  the  cliffs  are  in  ao 
<*  unusually  ruinous  state,  and  a  small  brook  has  excavated  a  passage  which 
**  affords  an  easy  descent  to  the  waters  edge.  On  reaching  the  beach  we  first 
'*  found  the  killas  rocks  intersected  by  many  contemporaneous  reins  of  quartz, 
«  Not  many  feet  farther  west  we  were  surprized  to  observe  an  appearance  of 
'*  alternation  between  the  slate,  on  which  we  were  advancing,  and  several  thin 
«  beds  of  granite.  One,  more  especially,  which  towards  its  southern  extremity 
'^  was  lost  under  the  waters,  preserved  its  thickness  and  conformity  to.  the 
''  laminas  of  the  schist  for  more  than  100  feet.  But  its  true  nature  was  easily 
''  determined  in  the  other  direction ;  for  it  gave  out  several  smaller  Teins,  then 
«  cut  obliquely  through  the  laminae  of  slate,  and  at  length  contracted  its 
*'  dimensions,  started  entirely  from  its  previous  direction,  and  ran  in  a  flickering 
*'  line  across  the  perpendicular  cliffs.  This  vein  is  in  no  part  more  than  2  feet 
'*  wide ;  yet  it  may  be  traced,  from  the  edge  of  the  water  to  its  termination  in 
'*  the  cuff  nearly  400  feet.  In  the  cliffs  farther  west  there  are  several  granitic 
«  veins,  which  would  be  considered  of  no  great  interest,  if  they  had  not  been 
''  intersected  by  two  other  veins  of  a  different  character,  which  must  be  classed 
**  either  with  the  metalliferous  lodes  or  the  cross-courses  of  the  County.  One 
''  of  them  ranges  nearly  in  the  magnetic  meridian,  is  about  one  foot  and  a  half 
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Near  low  water  mark  on  the  eastern  side  of  Pra- 
sands  a  very  small  patch  of  slate  rises  through  the 


**  wide,  and  underlies  east,  two  feet  in  a  fathom.  The  other  underlies  io  an 
**•  opposite  direction.  They  both  contain  quartz,  oxide  of  iron,  and  apparently, 
*'  some  fragments  of  clay- slate.  At  the  time  of  their  formation,  the  mineral 
*'  masses  which  they  traverse  must  have  undergone  a  considerable  disturbance  ; 
**  for  the  broken  ends  of  the  schistose  beds  and  granite  veins  where  they  pass, 
are  distinctly  heaved  from  their  original  position. 

Beyond  this  point,  the  whole  base  of  the  cliffs  is,  for  some  extent,  covered 
**^  with  huge  fragments  of  veins  which  have  been  washed  out  of  the  decomposing 
*'  killas.  One  of  them  appears  to  have  been  more  than  10  feet  thick,  and  many 
**  others  are  nearly  of  the  same  dimensions.  They  are  of  a  brilliant  white 
**"  colour,  and  fine  granular  texture  in  their  general  mass ;  but  occasionally 
*'  contain  within  themselves  parallel  veins  of  a  very  contrary  character,  com- 
**  posed  of  large  crystals  of  quartz  and  felspar.  In  some  instances  these 
*^  crystals  are  (i  or  8  inches  long ;  singularly  interlaced  ;  and  proved  to  be  of 
*'  contemporaneous  origin,  by  the  long  spiculaD  of  schorl  which  pass,  without 
*'  interruption,  through  both  quartz  and  felspar.  To  the  west  of  these  extra- 
*^  ordinary  ruins  we  advanced  along  a  bed  of  granite,  1  foot  thick  and  about  40 
'^  feet  in  length  and  breadth,  which  passes  under  the  cliff,  and  appears  to  alter- 
*'  nate  with  the  slate.  Every  portion  of  the  neighbouring  strand,  would  at  first 
**  sight,  appecur  to  confirm  this  supposition.  But  all  such  beds  are  but  examples 
''  of  granite  veins,  the  direction  of  which  nearly  coincides  with  the  cleavage  of 
"  the  slate ;  their  true  nature  being  always  exposed  in  the  cliffs  where  the 
*'  section  allows  a  sufficiently  extended  examination. 

"  Still  farther  west  we  found  the  rocks  beautifully  intersected  by  granitic 
**  veins ;  the  higher  parts  being  traversed  by  innumerable  ramifications,  while 
*^  the  lower  part  is  cut  through  by  one  well-defined  vein  about  a  foot  thick, 
*'  which  after  keeping  nearly  in  the  direction  of  the  beds  of  slate  for  about  60 
**  feet,  suddenly  starts  off  at  right  angles  to  its  former  direction  and  rises  up  to 
**  the  top  of  the  cliff.  The  whole  system  of  veins  here  described  afterwards 
**  unites  in  one  trunk,  which  traverses  a  projecting  ledge  of  rock  and  descends 
*^  obliquely  into  a  mass  of  granite  which  forms  the  eastern  side  of  the  entrance 
"  into  a  singular  natural  cavern.  Both  sides  of  its  entrance  are  of  granite ;  but 
"  the  roof  is  formed  by  undisturbed  beds  of  killas.  The  granitic  masses,  how- 
"  ever,  soon  contract  their  dimensions  and  wedge  out  into  the  schistose  rocks, 
**  which  form  both  the  roof  and  walls  of  the  cavern  about  50  feet  from  its 
**  commencement. 

"  Immediately  beyond  the  entrance  of  this  cavern  we  remarked  a  mass  of 
^'  most  imposing  character  and  dimensions.  It  seemed  to  be  the  root  of  those 
'<  gigantic  veins  which  rise  from  this  point  and  ascend,  in  broad  white  lines, 
"  towards  that  part  of  the  cliff  which  reposes  inmiediately  on  the  central  granite. 
'^  Near  this  place  we  observed  many  large  angular  masses,  resembling  splinters 
**  of  clay-slate,  imbedded  in  the  middle  of  the  veins.  Whatever  may  have  been 
**  their  origin,  they  certainly  very  much  resemble  fragments  torn  off  from  the 
'^  parent  rock  by  rude  mechanical  force,  and  afterwards  entangled  in  the  veins. 
**  And  such  a  conjecture  seems  confirmed  by  remarking,  that  the  ragged  edges 
*'  of  the  imbedded  fragments  in  some  instances  appear  to  tally  with  each  other. 


18        W.  J.  Henwood^  on  the  Metalliferous 

sand  ;    it  is  of  a  mottled  greyish  colour^  is  very 
micaceous^  intersected^  by  many  veins  of  quartz^  and 

*'  From  the  very  point  which  is  marked  by  so  mach  confusion,  two  large  veins 
'"''  separated  by  a  lancet-shaped  mass  of  slate,  rise  towards  the  west  at  an  angle 
'^  of  about  15^.  Within  a  few  feet  of  the  other  two,  a  third  vein  starts  out 
'*  nearly  at  the  same  angle,  and  proceeds  in  the  same  direction.  These  three 
'*  veins  are  throughout  nearly  of  the  same  thickness,  viz.  each  about  5  feet. 
'*  The  highest,  at  soir.e  distance  from  its  base,  begins  to  ascend  more  rapidly, 
*'*'  and  is  lost  in  the  alluvial  soil  at  the  summit.  The  other  two  preserve  their 
**  course,  without  t>eing  much  deflected,  for  some  hundred  feet,  and  from  the 
'^  place  where  we  first  remarked  them,  disappear  behind  a  projecting  part  of  the 
'■*'  cliff.  On  turning  this  projecting  ledge  we  suddenly  reached  a  recess,  the 
*•''  h)wer  part  of  which  was  filled  with  the  ruins  from  the  higher  part  of  the 
**  overhanging  rocks.  The  western  side  of  this  recess  is  composed  of  killas 
**  intersected  by  some  small  granitic  veins.  A  protruding  mass  of  granite  forms 
^*  the  base  of  the  eastern  side  to  the  height  of  25  or  30  feet.  It  is  of  very 
^*  singular  outline,  yet  does  not  appear  to  have  thrown  the  slaty  laminse  reposing 
^'  on  it  out  of  their  usual  direction. 

''  The  mound  of  rubbish  in  the  recess  enabled  us  to  ascend  more  than  half 
<*  way  up  the  cliff  and  trace  the  two  large  veins  before  mentioned  into  an 
^*  enormous  bunch  of  granite,  which  here  reposes  on  the  top  of  the  cliff,  and  is 
^'  supported  by  undisturbed  beds  of  slate ;  the  line  of  demarcation  being  nearly 
**  horizontal,  and  at  an  elevation  of  60  or  70  feet  above  the  level  of  the  beach. 
''  The  denuded  face  of  this  bunch  of  granite  is  30  or  40  feet  thick,  and,  if  a 
^*  section  were  made  farther  from  the  cliffs,  would  probably  be  much  more 
^*  considerable :  for  the  ground  rises  rapidly  to  the  north,  and  it  is  iropoBsible 
**  even  to  form  a  conjecture,  how  far  the  cap  of  granite  may  extend  in  that 
*^  direction* 

Two  or  three  veins  appear  to  take  their  origin  from  this  anamoloua  overlying 

mass.  One  spreads  out  in  minute  ramifications  towards  the  part  of  the  cliff 
'^  which  abuts  against  Trewavas  Point,  at  the  termination  of  the  killas  in  that 
'  ^  direction.  Two  others  descend  obliquely,  and  are  lost  behind  the  large  mound 
**  of  rubbish  before  mentioned. 

''  Such  are  the  complicated  phenomena  exhibited  at  this  junction." 

Professor  Sedgwick,  Cambridge  PhU,  Trasu,  i.  p.  117,  &c* 

"  The  granitic  veins  are  not,  in  composition,  like  those  of  Dolcoath ;  but 
^*  partake  more  of  the  prevailing  variety  of  the  adjoining  hill,  which  is  a  con- 
''  tinuation  of  that  of  Tregonning.  The  small  veins  are  generally  harder  than 
*'  the  large  ones,  owing  to  the  predominance  of  granules  of  quartz  intimately 
*^  intermixed  with  minute  particles  of  felspar  and  talc;  sometimes  shorl  is 

present,  and  then  this  granitic  stone  is  much  harder  than  the  preceding.    The 

large  veins  consist  of  a  fine  grained  talcose  granite  which  becomes  yellowish 

on  decomposition  ;  it  is  also  traversed  by  short  irregular  veins,  in  which  the 
**  felspar,  quartz,  and  talc,  occur  in  large  crystallized  groups,  the  first  mineral  in 
^'  particular  being  well  defined.  The  middle  part  of  these  veins  is  most  graniljCy 
*'  and  that  of  the  largest  veins  cannot  be  distinguished  from  the  granite  of  the 
'*  main  mass.'*    Dr.  Boase,  ComuHill  Geo,  Trans,  iv.  p.  353. 

See  also.  Mr.  Moyle,  Annals  of  Philosophy,  vi.  (1823)  p.  90,  PI.  xxi, 
fig.  1-^2-3-4-5;  and  Mr.  Thomas,  Mining  Review,  No.  ix.  (1837)  p.  30,  PI.  1. 
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dips  towards  the  south.  Many  small  granite  veins 
also  traverse  it :  one  of  these  is  very  coarse  grained 
and  porphyritic  in  the  middle^  but  at  the  sides  passes 
into  a  very  fine  grained  felspar  rock. 

Farther  eastward  a  compact  rock  of  a  greenish 
hue,  reposes  on  the  granite,  and  the  transition  from 
one  to  the  other  is  very  gradual.  Elevated  portions 
of  the  granite  protrude  through  it  in  many  places ; 
and  in  others  the  slaty  covering  has  been  removed 
by  the  action  of  the  waves.  Near  the  junction  the 
granite  consists,  almost  entirely,  of  a  very  fine 
grained  basis  of  felspar  and  quartz,  containing 
numerous  and  very  large  crystals  of  pale  buff 
coloured  felspar,  and  a  little  schorl. 

The  joints,  both  in  the  granite  and  slate,  are  very 
well  displayed:  they  are  prolonged  without  inter- 
ruption through  both  rocks,  and  even  through  the 
granite  veins.  One  series  of  them  bears  about  35° 
W.  of  N.,  to  which  the  course  of  the  granite  veins 
in  some  measure  conforms ;  another  runs  about  20° 
S.  of  W. ;  they  are,  however,  all  curved,  and 
frequently  vary  in  their  directions. 

In  Carleen  Mine  the  slate  rock  which  is  continued 
to  the  east  of  Helston,  joins  the  granite  of  Tregon- 
ing  hilL*  Their  junction  is  simply  a  very  gradual 
transition  from  one  into  the  other:  the  lamellar 
dark  blue  slate,  passes  into  a  crystalline  quartzose 
rock,  and  this  into  a  pale  buff  felspar,  which  leads  to 

*  *'  The  rocks,  next  the  granite  of  Tregonning,  are  precisely  of  the  same 
"  description  as  those  at  Dolcoath  and  Cook's  Kitchen :  vie.  alternating  beds  of 
"  massive  and  lamellar  rocks.  *  *  *  The  hitter  *  *  like  the  massive  variety, 
"  is  principally  composed  of  compact-felspar." 

Dr.  Boasb,  Cornwall  Geo,  Trans,  iv.  p.  350. 
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the  regular  granite.  The  joints  are  numerous  ;  one 
system  of  which  is  parallel  to  the  lode,  and  another 
bears  about  N.  and  S. 

At  a  distance  from  the  granite,  the  slate  is  tra- 
versed by  many  granitic  veins  which  do  not  conform 
either  to  its  cleavage,  or  to  the  joints.  The  ap- 
pearances are  by  no  means  similar  on  either  side  of 
Carleen  lode,  for  the  granite  veins  are  much  more 
numerous  and  distinct  on  the  N.  than  on  the  S. 

In  Great-work*  the  line  of  junction  is  very  dis- 
tinct, but  as  its  dip  is  jagged  and  irregular^  it 
occasions  the  granite  to  overlie  the  slate  in  two 

*  "  This  mine  was  formerly  called  Godolphin  BaU.  "  Cette  mine  est  la  plu» 
'*  ^tendue  qu'il  y  ait  dans  la  province  de  Cornouaille ;  son  exploitation  est  aussi 
"  des  plus  anciennes  :  elle  se  trouve  plac^e  dans  an  pays  presque  pUt,  entre 
"  deux  petites  montagnes,  dont  Tune  a  son  exposition  au  nord  &  I'autre  au  sud. 
'*  La  direction  des  filons  est  toujours  de  Vest  k  Vouest  comme  dans  toutes  les 
"  mines  de  la  province,  &  leur  inclinaison  au  nord  d'environ  70  degr^s. 

"  Cette  mine  exploit^e  jusqu'lL  la  profondeur  de  90  toises,  ne  I'^toit  alors 
"que  sur  une  petite  4tendue;  mais  on  reprenoit.chaque  jour  les  anciens 
"  ouvrages.  On  compte  cinq  filons  paralleles  sur  50  k  60  toises  de  largeur^ 
**  mais  qui  ne  sont  point  travailMs  ^galement ;  ils  Tont  6t6  seulement  k  dif- 
"  f^rentes  hauteurs  lorsqu'ils  ont  produit  du  mineral :  le  filon  principal  est  le 
"  seul  qui  ait  ^t^  exploit^  en  entier  &  qui  le  soit  encore.  Ces  filons  sent 
"  renferm^s  dans  un  granite  k  gros  grains  tr^s-dur.  II  n'en  est  pas  ici  comme 
"  je  Tai  observe  ailleurs,  sur-tout  en  Saxe  &  en  Boh^me ;  I'^tain  ne  s*y  trouve 
"  jamais  r^uni  &  confondu,  mais  dans  une  espece  de  rocher  bleu&tre,  qui  paroit 
"  dtre  la  matrice  g^n^rale  du  plus  gprand  nombre  des  mines  d'^tain  de 
**  Cornouaille.  Celui  qui  joint  le  mur  du  filon  &  que  I'on  nomme  le  guide,  est 
'*  un  quartz  mhU  quelquefois  k  du  mica ;  le  filon  consiste  lui-m^me  en  on 
"  quartz  fort  dur,  d*un  blanc  bleu&tre  r^uni  k  ce  rocher  qui  contient  le  min^rai, 
"  il  y  est  aussi  crystallise  en  exagone ;  le  mineral  s'y  trouve  presque  tovjoms 
"  en  petits  grains  semblables  k  des  grenats  &  parsem^  de  mica. 

"  Ce  filon  depuis  2  juBq'k  5  pieds  de  largeur,  est  quelquefois  divis^  par  des 
**  parties  de  granite  qui  viennent  du  toU  ou  du  mur,  &c  que  j'ai  dit  que  Toii 
**  nommoit  hcne;  il  produit  assez  souvent  du  tr^s-bon  min^rai  jaune  de  coivrei" 

Jars,  Voyages  M4taUurgique$,  iii.  p,  194.  (1765.) 

"  At  the  lowest  part  of  the  hollow  curve  between  Godolphin  and  Tregonning 
"  Hills,  the  rock  near  the  surface  has  a  schistose  structure,  separating  into 
'*  thick  laminae,  which,  on  the  cross-fracture,  are  marked  by  lines  parallel 
**  thereto :  this  rock  is  much  decayed,  and  stained  red  by  oxide  of  iron ;  it  is 
**  probably  composed  of  granular  felspar,  interlaminated  with  mica." 

Dr.  Boasr,  ComuHtU  Geo,  Trana,  i?.  p.  949. 
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places ;  yet  as  it  is  in  these  situations  very  highly 
incUned,  the  overlapping  is  of  but  small  extent, 

At  Wheal  Trannack  a  mass  of  schorl-rock  at  one 
spot  intervenes  between  the  granite  and  slate;  in 
another  a  massive  micaceous  rock  interlies  the 
granite ;  whilst  at  other  places  veins  and  beds  of 
granite  project  from  the  main  body  of  that  rock, 
into  the  slate. 

All  the  slate  of  this  mining  district  is  in  the 
immediate  vicinity  of  the  granite^  and  most  of 
it  consists  of  varieties  of  felspar,  with  mica  and 
hornblende ;  these  are  generally  thick  lamellar  with 
an  irregular  cleavage,  and  are  often  of  a  deep  blue 
colour.*  In  contact  with  the  granite^  it  has  been 
already  seen,  they  are  frequently  massive  and  very 
felspathic,  but  mica  is  sometimes  abundant. 

At  a  distance  from  the  granite  a  more  decidedly 
schistose  character  prevails  in  the  slates,  still  they 
are  commonly  of  a  deep  blue  colour  which  becomes 
reddish  brown  on  decomposition,  and  contain  many 
veins  of  quartz.f 

The  best  known  elvan-course  in  this  district  is  at 
Pra-sands.J     It  is  about  12  fathoms  wide,  bears  35^ 

*  *'  At  about  a  quarter  of  a  mile  south  of  Breage  church,  iu  a  schist  quarry} 
'^  there  are  three  parallel  granite  veins,  of  the  same  description  as  those  at 
*'  Tremearne,  inclining  in  the  same  direction.  The  middle  vein  of  these  is  about 
"  twenty  inches  wide ;  about  four  feet  above  it  is  the  upper  vein,  about  four  to 
"  five  inches  wide,  and  about  four  feet  under  it  is  the  lower  vein,  about  twQ 
"  inches  wide,"    Mr,  Thomas,  Mining  Review,  No.  ix.  p.  30.  (1837.) 

t  ^*  The  eastern  side  of  Looe  Pool,  about  two  miles  from  Helston,  is  barren ; 
**  and  is  formed  of  slate  which  becomes  red  on  decomposing,  and  al^unds  in 
"  quartz  veins."    Dr.  Boasb,  CorntwiW  Geo,  Traiw.  iv.  p.  847, 

t  '*  A  very  beautiful  el  van,  more  than  40  feet  wide,  appears  below  tl)e  l^igh- 
*'  water  mark,  at  the  western  extremity  of  Pra-sandg,  near  the  perpendicul^f 
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W.  of  N.  and  dips  N.E.  40-50°.  It  has  a  basis  of 
compact  felspar  and  quartz^  and  contains  in  its  centre 
large  porphyritic  crystals  of  pale  pink  coloured 
felspar^  but  towards  the  sides  is  mostly  compact 
felspar.  The  slate  in  contact  is  very  quartzose,  and 
deep  blue,  and  dips  W. ;  some  beds  of  it  have  a  fine 
silky  lustre,  and  others  are  compact  and  crystalline. 
The  same  joints  traverse  both  the  slate  and  the  elvan. 
At  Wheal  Vor  there  are  two  elvan-courses ;*  both 
bear  about  25°  S.  of  W.,  and  dip  N. ;  the  northern 
about  60-70°,  the  southern  40-50°, — the  former 
is  2  feet  wide,  the  latter  about  8  fathoms.     They  are 


*'  cliffs  which  form  Pedn-du-point.  It  ranges  nearly  north-west  and  south- 
^*  east,  and  seems  conformable  to  the  killas  beds,  which  are  neither  distarbed 
'*  in  their  position,  nor  altered  in  their  texture  at  the  junction.  The  exterior 
"  parts  of  this  elvan  pass  into  the  third  variety  (hornstone  porphyry),  but  the 
*^  central  mass  is  a  porphyritic  granite." 

Professor  Sedgwick,  Cambridge  Phil,  Trans^  i.  p.  129. 

^*  In  a  little  recess,  not  far  from  Pengersick,  the  hornblende  slate  is  inter- 
'*  sected  by  an  elvan-course,  which  lies  west  of  north,  and  east  of  south,  dipping 
*^  N.E.,  at  an  angle  of  45**.  This  elvan  is  a  felspar  porphyry,  which  in  the 
"  middle  resembles  a  coarse  porphyritic  granite,  the  crystals  of  which  are  flesh- 
"  coloured  : — next  the  slate  it  is  composed  almost  entirely  of  compact-felspar  ; 
**  and  the  slate  itself,  in  immediate  contact  with  the  latter,  is  very  much  inter- 
'' mixed  with  quartz.*'  Dr.  Boasb,  Cornioall  Geo.  Trans^  iv.  p.  354;  and 
Treatise  on  Primary  Geology,  p.  57,  fig,  3. 

*  *'  In  the  eastern  part  of  Huel  Vor  tin  mine,  in  the  parish  of  Breage,  there 
**  are  two  elvan-courses.  The  northern  course,  which  is  the  largest,  is  20  feet 
''  wide,  bears  north-east  and  south-west,  and  underlies  north  nine  feet  in  a 
*'  fathom  in  depth.  The  lode  which  underlies  north  only  a  foot  and  a  half,  was 
'^  productive  in  the  killas,  but  much  more  so  in  the  elvan.  In  the  former  it  was 
"  two  feet  wide,  but  in  the  latter  it  increased  to  five  feet,  and  in  some  parts 
'*  branched  through  the  elvan  in  such  a  manner  as  to  impregnate  the  whole  of 
''  it  with  tin,  and  to  induce  the  workmen  to  take  it  away  even  for  20  feet  in 
"  breadth. 

*^  The  lode  is  still  in  the  elvan.  Near  the  surface,  this  elvan  appears  to 
''  consist  of  decomposed  felspar  and  quartz,  a  little  deeper  hornstone  appears. 
*'  In  the  deepest  part  of  the  south  elvan,  the  hornstone  is  compact,  and  in  some 
^ '  instances,  slaty."    Mr.  C arm e,  Cornwall  Geo,  Trans,  i.  p.  102^ — Ibid.  ii.  p,  83. 

My  observations,  which  were  more  than  once  repeated,  on  the  spot,  do  not, 
by  any  means,  accord  with  Mr.  Game's  description. 
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alike  composed  of  a  fine  grained  mixture  of  felspar 
and  quartz^  with  a  little  schorl  in  some  spots^  and 
a  few  crystals  of  pale  buff  felspar.  The  lode  has 
been  productive  of  tin-ore  in  them  both. 

The  prevailing  directions  of  the  veins  are  from 
15^  to  35°  S.  of  W.  and  their  general  inclination  is 
towards  the  north,  but  with  some  exceptions.* 

Cross-courses  are  not  numerous  in  the  eastern 
part  of  the  district,  but  in  the  western  there  are 
several,  and  some  of  the  heaves  are  considerable. 
The  principal  cross-^course  of  the  neighbourhood  is 
seen  in  the  east  of  Godolphin,f  whence  it  passes 
through  Polladras  Downs,  and  between  Carleen  and 
the  other  part  of  Wheal  Vor ;  heaving  some  distance 
in  both. 

The  chief  mineral  product  of  this  district  is 
tin  ore,  which  principally  occurs  in  lod>es,  as  at 
Wheal  VoTyX  Polladras  Downs,  Great  Work,  Wheal 
Trumpet,  &c  :  but  it  has  also  been  found  in  irregular 
patches,  and  even  disseminated  through  the  granite 
at  Raggy-rowal,§  on  the  eastern  side  of  Tregoning- 
hill;||   and  in  a  somewhat  similar  manner  sprinkled 


•  Wheal  Trewavas  lodes  bear  25-40*'  N.  of  W. 

t  Many  mine  agents,  and  miners  of  much  experience,  maintain  that  this 
cross-course  takes  a  N.W,  direction  in  Godolphin,  and  becomes  one  of  the  lodes 
io  that  mine. 

t  The  present  working  of  Wheal  Vor  has  been  continued  about  18  years, 
and  in  that  time  about  £1,240,000  worth  of  tin  has  been  raised,  of  which  I 
believe  that  more  than  £100,000  has  been  profit  to  the  adventurers. 

§  Probably  this  is  the  spot  mentioned  by  Mr,  Hawkins  under  the  name  of 
"  Huel  grouan  in  the  parish  of  Breage."     Cornwall  Geo,  Trans,  ii.  p.  31. 

II  Many  joints  in  the  granite,  near  this  spot,  are  deeply  striated ;  and  present 
smooth  polished  surfaces  which  closely  resemble  slickensideSj  in  every  respect 
but  that  of  metallic  lustre. 

I  2 
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through  the  southern  ehan  in  Wheal  Vor.  Locally 
these  irregular  deposits  are  called  Pedn-cairns. 

It  is  not  unworthy  of  notice  that  the  enornrious 
riches  of  Wheal  Vor  have  been  found  in  the  slate, 
and  scarcely  a  particle  of  tin-ore  has  occurred  in  the 
same  lode  in  the  granite ;  the  Great  Work  on  the 
contrary  is  profitable  in  the  granite  only,*  and  its 
lode  becomes  unproductive  in  the  slate.  Wheal 
Trumpet  and  Wheal  A  nn  have  also  a£Fbrded  large 
quantities  of  tin  ore  which  were  wholly  in  granite. 

Copper-ore  has  been  found  both  in  granite  and  in 
slate  at  Wheal  Trannack,  in  granite  at  Wheal  Tre^ 
wavasy  and  in  small  quantities  in  granite  at  Great 
Work,  and  in  slate  at  Wheal  Vor. 

N6  bunch  of  ore,  whether  of  tin  or  copper,  inclines 
towards  the  main  body  of  the  granite,  but  always  in 
a  contrary  direction.  Thus,  the  deepest  productive 
parts  of  Wheal  Vor,  Great  Work,  and  Wheal  Tre^ 
wavae,  are  eastward ;  whilst  in  Wheal  Trumpet  and 
Wheal  Ann  they  dip  towards  the  west. 

Wheal  Penrose,  east  of  Porthleven,  has  for  many 
years  been  occasionally  worked  in  search  of  lead  ores ; 
but,  I  believe,  the  returns  have  never  been  sufficient 
to  reimburse  the  outlay .f 

Close  to  the  rough  and  difficult  foot-paths  which 
lead  to  the  granite  veins  in  Tremearne  cliff,  there  are 
patches  of  granite  and  slate  pebbles ;  the  former  are 

*  The  talcose  granite  of  Tregoning-hill  does  not  extend  so  fkr  north  as 
Great  Work. 

t  At  this  time  Wheal  Pewrose  is  worked  by  a  company  of  London  speeulafton, 
whose  agents  have  refused  me  permission  to  inspect  the  G^logical  cfaarMtoni 
of  the  mine. 


Deposits  of  Cornwall  and  Devon.  55 

most  abundant^  afid  are  from  the  size  of  a  ntit  to  a 
foot  or  more  in  diameter:  these  beds  repose  on  the 
slate  about  14  feet  above  the  present  beach,  but  east- 
ward rise  to  the  top  of  the  cliff,  about  20  or  30  feet. 
At  the  western  part  of  Pra-sands,  and  about  6  feet 
above  the  beach,  there  is  a  bed  of  granite>  elean,  and 
slate  pebbles,  which  for  some  distance  is  covered  by 
a  very  high  bank  of  rubbish, — the  debris  of  the 
adjacent  rocks ;  and  on  the  eastern  side  of  the  cove 
there  is  a  great  accumulation  of  sea  sand.  At  Wheal 
Trewavas,  where  the  rock  is  wholly  granite,  it  is 
covered  by  a  thick  bed  of  transported  fragments  of 
micaceous  slate. 

The  action  of  the  sea  throws  up  a  natural  em- 
bankment of  sand  and  shingle,  which  retains  the 
drainage  of  the  country,  and  forms  the  only  extensive 
natural  accumulation  of  fresh  water  in  the  west  of 
Cornwall, — the  Loe  Pool. 

The  low-grounds  are  often  submerged  by  its  rise 
after  heavy  rains,  and  the  bar  is  then  cut  through, 
with  several  antiquated  formalities.  But  the  natural 
causes  by  which  it  was  formed,  soon  restore  its 
original  dimensions. 

The  valley  running  below  Breage  church-town  to 
Porthleven,  and  also  that  from  Helston  to  the  Loe 
Pool,  have  been  streamed  for  tin ;  formerly  they  may 
have  been  productive,  but  of  late  years  the  advantage 
derived  has  been  inconsiderable. 

The  wild  and  romantic  character  of  the  coast  is 
inferior  to  nothing  of  the  kind  in  Cornwall ;  and 
Wheal  Trewavas  which  has  its  engines  perched  on 
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the  cliffs,  and  its  workings  beneath  the  sea,*  is  quite 
as  picturesque  as  Botallack  or  Levant  in  the  St.  Just 
district. 

The  uniform  barrenness  of  Tregoning,  Grodolphin, 
and  the  hills  of  Wendron  is  scarcely  relieved  by 
a  few  ill-rewarded  attempts  at  cultivation.  The 
valleys,  however,  are  fertile,  and  the  low-lands  are 
in  some  places  rich  and  well  wooded. 


*  In  one  part  of  the  mine  there  is  a  very  large  qaantity  of  water,  which  is 
excessively  salt. 
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THE  CAMBORNE  AND  ILLOGAN  DISTRICT, 

Comprizes  such  portions  of  the  Parishes  of  Cam- 
borne and  lUogan  as  are  bounded  on  the  east  by 
the  valley  which  divides  Illogan  from  Redruth ;  on 
the  south  by  a  line  passing  through  the  ridges  of 
Calm  Brea^  Carnarthen  Cairn,  Cairn  Entral,  and 
Camborne  Beacon  Hill ;  on  the  west  by  a  line  drawn 
from  Camborne  Beacon  to  about  half  a  mile  north 
of  Camborne  church ;  and  on  the  north  by  a  line 
Parallel  to  the  highway  from  Camborne  to  Redruth. 
Mr.  Thomas's  excellent  map,  sections  and  report,* 
iave  given  iis  a  knowledge  of  this,  and  of  a  district 
^^XX  to  be  described,  probably  unequalled  in  pre- 
vision  by  that  afforded  by  any  publication  on  the 
^^talliferous  deposits  in  any  part  of  the  Kingdom. 

The  rockfi  of  the  district  consist  of  an  elevated 
^^^tige  of  granitic  hills  on  the  south,  covered  on  their 
northern  slope  by  varieties  of  the  slate  formation  ; 
^^d  intersected  by  several  elvan-courses,  and  numer- 
ous lodes  and  cross-courses. 

The  granite  of  Cairn  Brea,  and  of  the  adjacent 
hills  westward,  is  separated  from  Cairn  Kye  and  the 
Contiguous  southern  range  of  Illogan,  Wendron, 
^nd  Crowan,  by  a  mass  of  slate  which  extends  from 
h^heal  Duller,  along  the  southern  slope  of  Cairn 
Brea,f    not    far  from   its    summit,  and  westward 


*  **  Report  on  a  Survey  of  the  Mining  District  of  Cornwall,  from  Chacowiiter 
^  Camborne,"  with  a  Geological  Map  and  Sections.     By  Kichard  Thomas 
Surveyor,  and  Civil  Engineer,  (1819). 

f  *'  About  80  fathoms  south-cast  of  the  ca^lcru  }ku1  of  the  ^ummi<  <»f  ('am 
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through  Cairn  Kyc  village,  Bisleak  and  Condurrow,^ 
to  Kamsgate  near  Pendarves.f 

This  interposed  mass  of  slate  is  very  schistose, 
and  mostly  of  a  dark  reddish  brown  colour,  often 
very  micaceous,  and  much  decomposed. 

The  granite  is  rather  coarse  grained,  and  has 
usually  a  basis  of  white  felspar,  quartz,  and  dark 
mica,  including  moderately  large  crystals  of  white 
felspar  often  badly  defined  :  but  there  are  aliso  large 
patches,  and  numerous  veins  and  beds  of  a  fine 
grained  granite  which  generally  contains  schorl. 

The  alternations  and  mixtures  of  granite  and  slate, 
at  and  near  their  junctions,  in  Cook's  KitchenX  and 


(( 


Brea;  and  about  14  fathoms  under  its  level,  on  the  declivity  of  a  hill,  is  a 
*'  tin  mine,  which  has  been  si|nk  about  20  fathoms;  but  no  granite  appears, — 
"  the  ground  being  killas."    Mr.  Thomas,  "  Report**  p.  10, 

*  I  am  informed  by  Captain  Petherick  that  at  West  Dolcoatk,  a  small  mine 
recently  opened  south  of  Camborne,  the  slate  and  granite  appear  in  parallel 
layers  or  beds,  which  are  vertical  or  highly  inclined. 

t  The  separation  of  the  granite  of  Cairn  Brea,  and  the  northern  range  from 
that  of  Cairn  Kye,  and  the  other  hills  to- the  south,  by  a  mass  of  slate,  was  first 
discovered  by  Mr.  Thomas.  "  The  granite  formation  is  intersected  by  the  slate, 
*^  so  as  to  divide  two  small  portions  from  the  remainder;  and  I  distingnish 
^'  these  as  the  Cam  Brea  range  and  the  Carn  Marth  range.  The  former  extends 
**■  from  Redruth  church  westward  to  Pendaryes,  about  three  and  a  half  miles 
*'  long,  and  takes  in  the  hills  of  Carn  Brea,  Cam  Tregajorran,  Carn  Arthen; 
"  Carn  Entral,  and  Camborne  Beacon,  and  is  divided  from  the  main  formation 
^'  by  a  breadth  of  slate  (principally  micaceous)  from  a  quarter  to  a  half  a  mile 
'*  wide.  The  Carn  Marth  range  takes  in  the  hill  of  that  naine  and  Trefula 
'*  Beacon,  and  is  divided  from  the  main  granite  by  slate  at  Wheal  Beauchamp." 
Mr.  Thomas,  Miniug  Review,  No.  viii.  p.  265,  and  ^Maps  rfthe  Cam  MtneUs 
^  district"  in  the  Museum  of  the  Royal  Institution  of  Cornwall,  at  Truro. 

X  "  The  mines  of  Dolcoath,  Cook's-Kitchen,  Tincroft,  Wheal  Fanny,  Trega- 
^^  jorran,  and  Wheal  Druid,  are  near  the  division  between  the  granite  and  killas; 
^'  but  are  within  the  killas  ground  at  the  surface,  in  these  mines  it  is  observed, 
^^  that  strata  of  granite  and  killas  appear  alternately  overlaying  each  other,  the 
"  diyisions  between  them  being  at  various  inclinations.**  Mr«  Thomas, 
*'  Report"  p.  10.  See  also  Mr.  Carne,  Cornwall  Geo.  Trans,  ii.  p.  75,  and 
Mr.  Hawkins,  Ibid.  p.  378. 
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Tiucrqfi*  and  to  a  trifling  extent  in  Dolcoathf 
and  in  the  Cairn  Brea  Mines,  are,  perhaps,  the 
roost  remarkable  peculiarities  of  the  district. 

Id  the  southern  part  of  Cook\^  KiicJien  a  decom- 
posing coarse  grained  granite  appears  at  the  surface 
and  continues  downward  for  about  13  fathoms;  it 
is  then  succeeded  by  a  bed  of  slate  which  reaches  to 
a  depth  of  39  fathoms.  This  slate  in  its  upper  part 
is  deep  blue  and  crystalline,  and  has  but  imperfect 
traces  of  a  schistose  structure ;  but  lower  down  it 
becomes  by  degrees  more  micaceous,  with  a  more 
decided  cleavage.  Veins  of  granite  penetrate  the 
slate  both  at  its  upper  and  lower  surfaces. 

From  39  to  49  fathoms  deep,  there  is  a  bed  of 
granite  which  is  much  finer  grained  than  that  at  the 
surface,  and  it  abounds  in  schorl.  Below  this  for  a 
great  many  fathoms,  beds  and  masses  of  granite  and 
slate  alternate  and  mix  in  a  very  irregular  manner. 
Sometimes  the  transitions  are  very  gradual,  at  others 
abrupt ;  and  in  most,  if  not  in  all,  cases,  there  are 


*  *'  Some  remarkable  alternations  of  schist  and  granite  were  discovered  while 
'*  working  the  two  veins  on  tlie  south,  *  *  *  in  some  parts  of  Dunkin's  vein, 
"  granite  was  found  on  one  side  of  it  and  schist  on  the  other,  and  detached 
"  masses  of  each  substance  were  found  both  in  it  and  in  the  south  vein  ;  and 
"  frequently  where  granite  formed  the  country  on  each  side  of  the  vein,  the 
"  masses  were  of  schist,  and  vice  versa. 

Mr.  Wm.  Phillips,  Geo,  Trans,  ii.  p.p.  152-155. 

t  *'  We  had  positive  proof,  that  what  had,  in  Dolcoath  mine,  been  considered 
"  as  a  bed  of  granite  alternating  with  the  killas,  was  in  reality  a  lancet-shaped 
"  mass,  proceeding  directly  from  the  fundamental  rock,  and  wedging  out  in  the 
"  killas."    Professor  Sedgwick,  Cambridge  Phil,  Trans,  i,  p.  122. 

I  confess,  that  whether  these  be  considered  alternating  beds,  or  mere  projec- 
tioDs  from  the  main  body,  appears  to  me  of  no  consequence  either  in  descriptive 
or  theoretical  geology.  Whatever  they  may  be,  their  mode  of  aggregation,  and 
their  mineral  composition  are  not  always  the  same,  in  Cook's  Kiicheny  at  least. 
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veins  of  granite  traversing' the  slates.  These  irregu- 
larities seem,  however,  to  be  confined  to  the  southern 
part  of  the  mines^  and  although  patches  and  lumps 
of  granite  appear  in  several  places  far  from  the  main 
body,  and  from,  any  of  the  great  beds  of  that  rock, 
none  of  theni  occur  north  of  the  Hardshaft  lode. 
At  73  fathoms  deep,  the  granitic  bed  extends  north- 
ward, to  within  a  short  distance  of  that  vein. 

In  Tincroft  mine,  granite  descends  from  the 
surface  to  26  fathoms  deep,  ^i  Dunkirk s  lode ;  but 
although  it  accompanies  that  vein  for  a  few  fathoms 
and  forms  both  its  wallsy  yet  at  that  depth,  both  on 
the  north  and  south, the  slate  soon  appears:  below 
26  fathoms  Dunhin's  lode  is  in  slate.  Here  also,  the 
slate,  wherever  it  is  in  contact  with  granite^  is  tra- 
versed by  small  veins  and  strings  of  that  rock.  At 
84  fathoms  deep,  the  main  body  of  the  granite 
appears. 

Near  Martin's  lode,  in  the  same  mine,  there  are 
several  irregular  patches  of  granite.  Two  of  these 
include  a  small  mass  of  slate,  in  appearance  like  a 
vein,*  between  them ;  and  all  are  heaved  by  the 
eastern  cross-course.  A  third  mass  rises  to  within 
25  fathoms  of  the  surface,  and  is  intersected  by  the 
sarhd  cross-course^  but  it  is  not  heaved. 

It  is  not  known  whether  all  these  interlying 
masses  of  granite  are  connected  with  the  muin  body 

*  ''  We  have  looked  again  aiid  again^  and  cannot  perceive  that  natare  has 
^'  made  any  distinction  between  granite  veins  and  slate  veins ;  we  can  only  see 
"  in  this  peculiar  form  of  matter,  elongated  portions  of  the-  respective  rockB,-r~ 
^*  which  may  be  either  connected  therewith,  or  entirely  insulated  in  the  tra- 
"  versed  mass,**     Dr.  Boase,  Primary  Geology^  p,  352. 
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of  that  rock.  That  some  of  them,  however,  are  so 
in  CooHs  Kitchen  is  evident,  as  a  crosscut  is  carried 
many  (aboat  80)  fathoms  south  through  one  of  them, 
at  a  depth  of  68  fathoms,  and  the  whole  rock  is 
found  to  be  granite.*  It  has  not  been  ascertained 
how  far  northward  the  beds  which  appear  at  the 
surface  in  Cook's  Kitchen  and  Tincrqft  may  extend  ; 
they  probably  do  not  reach  many  fathbms  beyond 
the  places  of  examination  already  noticed,  as  other 
shafts  have  been  sunk,  in  which  they  have  not  been 
discovered. 

The  contact  of  the  great  granitic  mass  with  the 
slate  is  very  frequently  distinct,  though  sometimes 
the  transition  from  one  to  the  other  is  gradual ;  but 
in  almost  every  case  there  are  numerous  veins  and 
beds  of  granite  in  the  slate. 

The  slate  which  joins  the  granite  is  often  a  deep  blue 
and  crystalline  rock,  chiefly  composed  of  compact  fel- 
spar and  hornblende,  which  in  many  of  its  beds  affords 
actynolite,  axinite,  &c.;  as,  for  example,  at  North 
Roskear,  East  Wheal  Crofty,  and  Wheal  Wellington : 
but  this  is  frequently  in  very  irregular  patches  ;f 

*  An  elcan-course  occurs  in  the  granite,  in  the  southern  part  of  Cook's  Kitchen. 

t  "  The  Ire-stone,  or  Iron-stone  is  by  much  the  hardest  of  all  strata,  and 
''  borrows  this  name  from  its  extreme  hardness,  and  not  because  it  contains 
''  iron.  It  is  of  a  dark  bluish  colour,  like  lead  that  haB  been  long  exposed  to 
"  the  weather ;  and  usually  so  hard,  that  it  must  be  wrought  with  steel  borers, 
"  and  then  blown  by  gunpowder.  It  often  keeps  a  course  east  and  west  like  a 
"  lode,  but  is  commonly  very  wide ;  and  therefore  it  is  very  tedious  and  change- 
"  able,  where  an  adit  must  be  driven  across  it.  It  is  this  stratum  that  is 
"  uppermost  through  great  part  of  the  middle  of  Camborn  and  Illngan  parishes, 
"  where  many  principal  Copper  Mines  are  enclosed  in  it.  Tin  lodes  are  very 
"  seldom  found  in  Ixe-stone."    Mr.  Pryce,  Mineral,  Comubi,  p.  75,  (1778), 

"  A  large  course  of  iron-stone  (  of  extremely  minute  granular  hernblendti, 
"in  which  are  visible  very  small  portions  of  compact  felspar  and  quartz) 
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and  the  rock  in  contact  with  the  granite  is  some- 
times variegated  red  and  white,  schistose,  and  it 
is  then  probably  composed,  for  the  most  part,  of 
felspar  and  mica. 

The  more  common  slate  rock  is,  however,  thick 
lamellar,  and  of  a  deep  blue,  having  some  shades  of 
purple,  and  occasionally  alternating  with  thin  greyish 
bands ;  it  often  contains  mica  in  the  planes  of  its 
imperfectly  slaty  cleavage  * 

This  district  affords  many  excellent  examples  of 
chan-courses.  The  most  northerly  one  with  which 
I  am  acquainted,  occurs  between  the  E.  and  W.  hnlefs 
in  East  Wlieal  Crafty,  and  is  quarried  from  the 
eastern  side  of  Tucking  Mill  through  Koskear  as 
far  as  Camborne.f  In  East  Wheal  Crqfty  it  is  6 
fathoms  wide  and  dips  N.  60-70^. 

*'  appears  tu  extend  from  Camborne  through  Tucking-mill,  to  Treleigh  (north  of 
**  Reclmth),  at  which  places,  large  blocks  of  the  stotie  are  lying  on  the  surface, 
**  and  may  lie  seen  in  ^rcat  quantities  in  the  lart^  open  pits  at  South  Roskert* 
**  Mine.  The  line  of  its  direction  may  \w  traced  in  the  roads  at  Poo),  Higliway , 
'*  and  Toli^us.  This  course  appears  to  hold  a  regular  direction,  as  shown  in  the 
^'  Map,  nearly  the  same  as  the  lo<1es;  but,  nevertheless,  seems  for  the  chief  part 
"  to  lie  composed  of  irregular  detached  massi's."   Mr.  TiioMAB,"l?«p0rf,'*p.  18. 

**  Veins  of  Iron-stone  or  Ire-stone  *  *  arc  generally  Tery  large  and  run 
''  nearly  east  and  west.  The  principal  of  those  veins  is  about  20  fathoms  wide, 
'*  and  is  supposed  to  extend  several  miles  in  length,  eastward  from  Roskeere 
'^  in  Camborne.  Another  vein  of  it  has  been  found  in  Tincroft  rauM,  abost  the 
**  same  width."    Mr.  Carnb,  Cornwall  Geo.  Trana,  ii.  p.  61. 

*  '^  At  Dolcoath  the  killas  is  a  hard  purple  coloured  rock,  whick  breaks  into 
'*  thick  laminae ;  in  consequence  of  the  minute  scales  of  mica  which  enter 
**  largely  into  its  composition,  sometimes  the  mica  is  almost  entireljr  wanting, 
*'  the  rock  is  then  a  kind  of  compact  felspar ;  and  is  occasionally  much  inter- 
*^  mixed  with  quartz."    Dr.  Boasb,  ComwcUl  Geo,  Trams,  ii.  p.  312. 

t  "  An  EWan  about  40  feet  wide,  between  Camborne  and  Dolcoath  mine, 
''  ranges  nearly  east  and  west,  and  underlies  south." 

Fropessor  Sbdgwiok,  Cambridge  PhU,  Trans,  i.  p.  199. 

**  Between  Camborne  and  Tnckingmill,  a  large  ehan-eourse  is  qnanried ;  it 
*'  is  a  feUpar  porphyry,  and  runs  nearly  E.  and  W.,  underlying  to  the  N., 
'*  according  to  the  quarrymen."     Dr.  Boasp.,  Cormndl  Geo.  Trans,  ly,  p.  911. 
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The  second  elvan  appears  in  East  Pool^  and  is 
quarried  in  two  places  N.  of  Tincrqft  and  Cook's 
Kiicheti,  again  a  few  fathoms  N.  E.  of  the  counting- 
bouse  at  Dolcoath;*  and  it  is  seen  at  70  fathoms 
deep  in  the  western  part  of  that  mine  (PL  VI.  Fig. 
2.)  and  also  in  Stray-park.  I'his  is  most  probably 
the  same  ekan  which  is  quarried  near  the  Work- 
bouse  on  the  northern  slope  of  Camborne  Beacon 
Hill.  In  Dolcoath  it  dips  N.  50-60'',  and  is  12 
fathoms  wide. 

A  third  elvan-course  appears  in  the  adit  of  Tin-^ 
crqfl,  and  at  the  surface  near  the  counting-house 
of  the  same  min^ ;  again  at  73  fathoms  deep  in 
CooKs  Kitchen, bmA  near  the  caunter-lode  in  Dolcoath 
at  a  depth  of  96  fathoms.  In  the  first  of  these 
localities  it  is  6  fathoms  wide,  and  dips  N.  60-70"^* 
With  its  further  course  westward  I  am  unacquainted. 

Another  elvan  is  seen  at  68  fathoms  deep  in 
Cook' s  Kitchen ;  it  is  17  fathoms  wide,  and  dips  N. 
70-80°. 

There  are  two  elvan-courses  in  the  Cairn  Brea 
Mines,  both  of  them  dip  N.  50-70°,  and  are  seen  in 
both  granite  and  slate ;  the  southern  one  is  7  fathoms 
wide,  the  other  is  narrower.  In  the  Hayle  railway- 
cutting,  N.E.  of  the  Cairn  Brea  mines,  there  are  two 
or  three  courses  or  beds  of  a  coarse  grained  decom- 
posing rock,  consisting  of  felspar  and  quartz,  with 


'■  "  The  elvans,  or  granitical  rocks,  are  quartzose :  (some  of  them  are)  fine 
"  grained,  affording  an  easy  passage  into  the  *  *  compact  felspars ;  (others 
'*  are)  large  grained,  contain  flesh-coloured  crystals  of  felspar,  and  approach 
"  nearer  to  granite."     Dr.  Boasr,  Cornwall  Geo.  Trans,  i.  p.  312, 
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mica  and  schorl  occasionally  interspersed.  These 
beds  apparently  alternate  with  others  of  a  decom- 
posed reddish-brown  Slate,  which  in  two  or  three 
places  is  traversed  by  small  veins  of  the  felspar  rock. 
The  joints  traverse  both  rocks  and  bear  about  N.  W. 
The  whole  is,  however,  so  covered  and  concealed  by 
rubbish  that  it  is  not  easy  to  discover  its  real  nature. 

The  same  remark  equally  applies  to  a  bed  of  granite 
(throwing  off  veins  into  the  slate)  which  occurs  in 
another  cutting  for  the  same  railway,  near  Cook's 
Kitchen,  and  seems  to  be  composed  of  felspar^  quartz, 
and  mica,  and  to  dip  towards  the  N.  W.* 

There  are  traces  of  elvan  N.  of  North  Roskear,  but 
I  have  not  seen  a  regular  course  of.  it  there*  An 
elvan-course  appears  on  the  road  immediately  N.  of 
Cairn  Brea  Castle ;  and  another  in  the  Blowing* 
house  hill ;  but  I  am  unable  to  determine  whether 
either  of  these  has  any  relation  to  those  in  the  Cairn 
Brea  Mines. 

All  these  elvans  consist  of  a  basis  of  confusedly 
crystalline  felspar  and  quartz ;  they  usually  contain 
porphyritic  crystals  of  felspar,  and  often  some  schorl. 

When  in  the  granite  they  are  frequently  more 
quartzose  than  they  are  in  the  slate. 

They  furnish, almost  exclusively,  the  building  stone 
for  the  whole  of  the  neighbourhood. 

The  principal  lodes  of  the  district  have  a  bearing 
which  varies  from  20^  to  40°  S.  of  W. ;  but  some 


*  Perhaps  this  is  the  outcrop  of  the  superficial  granite  at  Cook's  Kitchen; 
but  if  it  be  so,  it  cannot  be  connected  with,  that  near  Dunkin*8  lode  in  Tincr^ftf 
as  a  mass  of  slate  intervenes. 
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of  them  dip  north  and  others  south.  The  Main- 
lode  and  Harriette^s  lode  in  Dolcoath,  the  principal 
hde  in  North  Roshear,  two  of  the  chief  lodes  in 
Cook's  Kitchen,  and  the  most  considerable  lodes  of 
Tincrqft,  dip  towards  the  south ;  but  in  the  same 
mines^  and  in  East  Wheal  Crofty,  there  are  other 
hdes  inclining  to  the  norths  which  have  also  been 
very  productive. 

There  are  several  caunter4odes,  (or  veins  bearing 
from  10^  to  30°  N.  of  W.)  in  this  district;  and  the 
greatest  produce  of  Dolcoath,  of  Wheal  Crqfty,  and 
of  JEa^t  Wheal  Crqfty  have,  during  the  recent 
workings,  been  derived  from  them ;  but  they  have, 
almost  exclusively,  yielded  copper  ore. 

Copper  pyrites  is  by  far  the  largest  product  of 
this  neighbourhood ;  but  several  mines  have  also 
afforded  abundance  of  native  copper,*  and  of  vitreous 
and  black  copper  ore :  as,  for  example,  Dolcoath, 
Cook's  Kitchen,  Tincroft,  the  Cairn  Brea  Mines, 
&c.,  and  the  same  mines  have  also  yielded  many 
of  the  rarer  and  more  splendid  compounds  of  that 
metal. 

Very  large  quantities  of  tin  ore  have  been,  and 
still  continue  to  be,  raised  in  Tincrqft,  the  Cairn 
Brea  Mines,  Cook's  Kitchen,  and  Dolcoath. 

In  one  of  the  lodes  at  Dolcoath  much  native 
silver,  as  well  as  vitreous  and  red  silver  ore,  were 


•  At  Condorrow  some  very  large  masses  of  native  copper  were  found ;  one 
of  them,  weighing  122  lbs.,  was  presented  to  the  Museum :  the  mode  of  its 
occurrence  described  by  E.  W.  W.  Pendarves,  Esq.,  M.P,,  F.R.S.,  Cornwall 
Geo.  Trans,  in.. p.  333. 
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found ;  *  and  in  the  same  mine  some  of  the  ores  of 
cobalt  and  bismuth  have  also  occurred. 

This  district  contains  several  cross^ourses,  which 
bear  between  N.  and  N.W.;  in  general  they  have 
much  less  inclination  (from  the  perpendicular)  than 
the  lodes ;  and  their  contents  are  chiefly  quartz  and 
clay.  But  they^  as  well  as  the  lodes,  as  soon  as  they 
pass  from  one  kind  of  rock  to  another^  alter  in  their 
mineral  character^  and  assume  a  sort  of  resemblance 
to  that  which  they  traverse.  Several  of  them  ap- 
pear at  some  depth,  but  are  not  visible  near  the 
surface.f 

In  the  western  part  of  the  district,  especially,  the 
heaves  are  trifling,  and  they  are  no  where  consider- 
able, except  that  occasioned  by  the^^a<  cross^ourse, 
which  runs  a  little  W.  of  N.,  nearly  parallel  to  the 
valley  separating  Dolcoath  from  Cooks  Kitchen,  and 
Wheal  Crofly  from  East  Wheal  Cn^y.  The  ex- 
tent of  the  heaf>e,  by  this  cross^course,  has  never  been 
exactly  ascertained,  but  it  has  been  supposed  to  be 
from  50  to  70  fathoms  to  the  right.;]; 

*  The  noble  family  of  Basset,  the  proprietors  of  the  land,  preserTe  as  an 
heir-loom  a  splendid  piece  of  plate,  which  was  mannfactiured  out  of  1^  silver 
Raised  from  Dolcmtk^  and  presented  to  the  late  Lord  de  nonstanyille  by  the 
adventurers  in  that  mine,  as  a  testimony  of  their  gratitade  for  his  kind  and 
liberal  relinquishment  of  Uie  Lord's  ifuct,  whoiever  the  poveity  of  the  oonc^iii 
rendered  an  increased  outlay  necessary. 

f  '^  This  (cross-course)  does  not  appear  to  come  up  to  the  surface,  being  found 
'<  only  at  a  great  depth,''  &c.    Mr,  Thomas,  ^  Report,*'  p.p.  S5-6. 

See  also  Dolcoath,  Table  L. 

X  **  At  the  Cook's  Kitchen  great  cross-course  there  appears  to  be  a  heave  to 
^*  the  right  about  seventy  fathoms.'*    Mb.  Thomas,  **  Repert/*  p,  SS. 

**  The  mines  of  Dolcoath  and  Cook's  Kitchen  aie  divided  by  a  cross  comse, 
**  and  the  lodes  are  heaved  to  the  right  50  fethoms." 

Mr.  Carnb,  ComtoaU  Geo»  Trans^  ^,  p,  99. 
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It  is  universally  the  case^  that  whatever  may  be 
the  dip  of  the  lodes,  the  same  crose^ourse  heaves  all 
of  them  towards  the  same  hand. 

The  cross-courses  traverse  all  the  elvan-coufses,  but 
heave  none  of  them. 

The  joints^  as  far  as  I  have  observed^  traverse  all 
the  rocks  and  veins  without  interruption ;  and,  in 
general,  the  principal  ones  have  a  sort  of  coincidence 
with  the  direction  of  that  system  of  veins  which  is 
in  their  immediate  vicinity.* 

The  principal  mining  operations  are  on  two  series 
of  parallel  lodes ;  one,  passing  through  Stray  Park, 
Dolcoath,  Cook's  Kitchen,  Tincrqft,  and  the  Cairn 
Brea  Mines;  and  the  other,  through  North  and  South 
Roskear,  Wheal  Crofty,  East  Wheal  Crofty,  &c. 

Cairn  Brea  is  the  highest  land  in  the  district,f  and 
near  its  summit  there  is  a  copious  spring  of  excellent 
water.  The  magnificent  rocks  of  this  celebrated 
spot  are  '^  too  well  known  to  need  description ;"  J  the 
other  hills  are  equally  barren,  but  do  not  possess  the 
same  interest,  either  for  the  lover  of  scenery  or  the 
antiquarian. 

*  As  the  veins  are  the  chief  subterranean  aqueducts,  the  joints  near  them 
may  possibly  be  better  developed  by  the  decomposing  action  of  the  water  flowing 
through  them. 

t  Mr.  Thomas  states  the  elevation  of  the  top  of  the  Castle,  above  high-water 
mark,  to  be  710  feet,  and  of  the  highest  rocks,  740  feet. 

i  I  am  indebted  to  the  kindness  of  Mr.  Thomas  for  referring  me  to  an 
instructive  instance  of  granite  veins  traversing  the  slate  of  this  district,  which 
has  recently  been  discovered,  in  a  quarry  on  the  western  side  of  the  valley 
which  divides  lllogan  from  Redruth. 

The  slate  is  an  irregularly  laminated  felspar  rock,  of  a  deep  brown  colour ; 
clipping  N.  20-30'=',  the  joints  bearing  E.  and  W,  One  of  the  granite  veins  is 
Cibout  a  foot  wide,  and  the  other  two  or  three  inches ;  both  dip  southward,  and 
bear  about  S,E.  and  N.  W.  They  are  rather  fine  grained,  and  consist  of  felspar, 
CiDuch  decomposed)  with  a  little  quartz  and  mica. 
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In  the  southern  part  of  the  district  a  little  str 
tin  has  been  found. 

The  lower  grounds  near  the  mines  are,  of  coi 
usually  covered  with  rubbish ;  when  this  is  not 
case^  there  are  many  fertile  meadows.* 


*  «  In  many  places  in  the  yalleys,  spots  have  been  enclosed  whic 
«  fonnerly  turned  oyer  by  the  streamers  in  search  of  tin,  where  nothing  ap 
*'  to  remain  but  heaps  of  stones.  These  hare  been  leTelled,  and  the  littl 
**  contained  in  them  carefully  preserved  and  put  on  the  surface,  and  no 
"  good  meadows."    Mr.  Thomas,  ** Report,"  p.  15. 
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THE   REDRUTH   AND   GWENNAP   DISTRICT, 

Touches  the  Camborne  and  Illogan  district  on  the 
north-west.  It  is  bounded  on  the  west  by  a  line 
drawn  from  Blowing-house-bridge  to  the  Elvans 
mine ;  on  the  south,  by  another  line  extending  from 
the  Elvans  to  Comfort,  and,  by  the  valley,  from 
thence  to  Bissoe-bridge ;  on  the  east,  by  a  third 
imaginary  line  from  Bissoe-bridge  to  Seveock-water ; 
and  on  the  north,  by  the  Redruth  and  Truro  turn- 
pike-road, from  Seveock-water  as  far  as  White  Hall, 
and  thence  by  an  irregular  line  to  North  Downs, 
and  continued  through  Treleigh  to  Blowing-house- 
bridge. 

It  includes  portions  of  the  parishes  of  Redruth, 
Gwennap,  Perran-ar-worthal,  Kea,  and  Kenwyn. 

Its  rocks  are  the  north-eastern  skirt  of  the  great 
granitic  range  of  Stythians,  Wendron,  &c.,  and  the 
isolated  mass  of  granite  forming  Cairn  Marth  and 
Trefula-beacon,*  and  the  slate-rocks  in  contact  with 
them.  The  whole  is  traversed  by  numerous  elvans, 
lodes,  cross-courses,  and  Jlucans,  and  is  by  far  the 
most  extensive  as  well  as  the  most  productive  mining 
district,  particularly  in  copper  ores,  in  Cornwall.f 
It  has  been  ably  and  accurately  illustrated  by  my 
friend  Mr.  Thomas,J  and  I  have  but  little  to  add  to 
his  description. 


« 


*  ''  The  Cam  Marth  range  takes  in  the  hill  of  that  name  and  Trefula  Beacon, 
and  is  divided  from  the  main  granite  by  slate  at  Wheal  Beauchamp.'^ 

Mk.  Thomas,  Mining  Review,  No.  viii.  (June,  1836),  p.  265. 
t  M.  Hbron  de  Villefosse,  De  la  Richesse  Mineral,  i.  p.  292, 
X  "  Report  on  a  Survey  of  the  Mining  District  of  Cornwall,  from  Chasewater 

VOL.  V.  M 
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The  granite  of  the  larger  mass  joins  the  slate  at 
Wheal  BuUer,*  Penstruthal,  and  Tresavean,f  whence 
it  rapidly  trends  towards  the  south-east.  That  of 
Cairn  Marth  extends  westward  as  far  as  Wheal 
Beauchamp,*  and  thence  northward  to  Pednran- 
drea,  on  the  east  of  Redruth;  it  then  stretches 
north-eastward  and  crosses  the  turnpike-road,  but  no- 
where runs  far  north  of  it.  The  line  of  j  unction  again 
crosses  the  road  at  Shallow-adit,  and  appears  on  the 
south  of  Tresherhy;  thence,  continually  bending 
towards  the  south,  it  passes  through  Wheal  Pink 
moot.  Wheal  Garland,  the  western  parts  of  Wheal 
Unity,  Paldice,  WhealJewel,X  East  Wheal  Damsel,^ 
Carharrack^  Ting  Tangy\\  and  westward  on  the  south 
side  of  Cairn  Marth,5[  back  again  to  Wheal  Beau- 
champ.* 

The  actual  contact  of  the  granite  and  slate  is  no- 
where visible  at  the  surface,  as  it  is  concealed  by  the 
soil,  but  its  position  can  generally  be  discovered  with- 
in very  narrow  limits ;  underground,  however,  it  may 
be  seen  in  Wheal  Buller  and  Wheal  Beauchamp,* 
Wheal  Garland,**  Wheal  Unity,  Paldice,f\'  Wheal 
Jewel, XX   East  Wheal  Damsel,^  and  Tresaivean,j' 

*^  to  Camborne/'  with  a  Geological  Map  and  Sections,  (London,  1819):  Geo- 
logical Sarvey  of  the  Cam  Menelis  District,  Mining  Review,  No  viii.  (June, 
1836),  p.  263 :  and  Maps  of  the  same  tract,  in  the  Museum  of  the  Royal 
Institution  of  Cornwall,  at  Truro. 

*  Table  lviii.      f  Table  lix,      t  Table  ltv.     §  Table  lxiv.     ||  Table  lx. 
IT  "  The  g^uwacke  covers  the  lower  part  of  Cam  Marth,  and  rises  exactly 
**  to  the  height  of  five  hundred  and  forty-three  feet,  which  is  about  two-thirds 
*'  of  that  of  the  mountain/'        Dr.  Bbrobr,  Geo,  Trana.  o.s.  i.  p.  155. 

•♦  Ibid,  p.  146. 

tt  Mr.  R.  W.  Fox,  Phil.  Trans.  (1880),  pp.  410*418,  fig.  5-19*, 

it  Ibid,  p.  409,  fig,  2,  and  Table  lxv. 
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and  in  the  now  abandoned  mines  of  Pedn-an-drea, 
Treskerby,*  Ting  Tang,^  and  PenstruthaL 

Tlie  granite  both  of  the  greater  range  and  of  the 
smaller  patch  underlies  the  slate^  and  at  TresaveanX 
the  line  of  junction  dips  N.E.  40^ :  at  Wheal  BuUer^^ 
which  also  adjoins  the  great  southern  mass^  the  dip 
is  N.E.  60^.  At  Wheal  Beauchamp^  the  granite  of 
Cairn  Marth  dips  S.W.  40-50^ ;  at  Ting  Tang,f  on 
the  east  of  the  same  hill^  it  dips  S.E.  40-45^ ;  and 
Bi  East  Wheal  Damsel \\  it  inclines  E.  14-16^;  or 
in  276  fathoms  in  length  it  dips  70  fathoms. 

At  Wheal  Beauchamp^  a  bed  of  granite^  20  or  30 
fathoms  thick>  extends  from  the  Cairn  Marth  range 
and  overlies  the  slate  for  several  fathoms ;  and  the 
granite  of  Lanner-beacon^  which  belongs  to  the 
Stythians  and  Wendron  tract,  at  the  North  lode  in 
Wheal  Btdler,^  in  the  south  wall,  which  is  nearest 
to  the  main  mass,  is  10  fathoms  further  east  than  it 
is  in  the  opposite  one  :  at  Tresavean^X  on  the  con- 
trary, the  granite  extends  5  or  6  fathoms  further 
east  on  that  side  of  the  lode  which  is  most  distant 
from  the  central  body ;  in  the  first  instance  the  lode 
dips  northward,  in  the  second  it  is,  on  the  whole, 
nearly  perpendicular. 

Granite  veins  traverse  the  slate  at  Wheal  Butter 
and  Wheal  Beauchampy%  Wheal  Gorland^  Poldice 
and  Tresavean;X  and  the  elvan  at  Ting  Tang\  is 
similarly  penetrated.     At  Pedn-an-drea,  and  thence 

*  Mr.  Thomas,  Sections  2  and  8. 
t  Table  lx.  X  Table  lix,  §  Table  lviii.  !|  Table  LXiv. 

If   Dr.  Berger,  Geo.  Trans,  o.s.  i.  p.  140. 

m2 
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a  furlong  or  two  southward,  at  Healednshop,  and  at 
East  Wheal  Sparnon,*  two  masses  of  granite  extend 
some  distance  into  the  slate.  In  these  the  granite 
is  generally  much  decomposed,  and  the  fine  quarry 
of  slate  at  High-burrow  is  worked  between  them ; 
the  slate  also  on  the  western  slope  of  Cairn  Marth 
is,  for  some  distance,  covered  with  large  granite 
boulders.f 

At  Wheal  BullerX  several  unconnected  masses  of 
granite  are  enveloped  in  the  slate  at  49  fathoms  deep. 

The  mineral  composition  of  the  granite  is  much 
the  same  as  in  the  other  districts ;  viz.,  a  basis  of 
felspar,  quartz,  and  mica,  enclosing  crystals  of  felspar, 
and,  occasionally,  of  quartz.  In  many  places  schorl 
abounds;  and  at  Wheal  Bullerl  chlorite  replaces 
the  mica,  and  here  and  there  the  rock  is  merely 
felspar  and  chlorite. 

At  East  Wheal  Damsel,^  and  at  East  Wheal 
Sparnon,  fluor  is  dispersed  through  the  granite :  in 
the  former  instance  it  is  often  purple,  but  in  the  lat- 
ter it  always  has  a  greenish  hue. 

At  Wheal  Vyvyan,  in  Constantine,  near  the  south- 
ern boundary  of  the  great  granitic  range  of  Stythians, 
Wendron,  &c.,  there  is  a  very  remarkable  metallifer- 
ous formation.    It  has  the  character  of  an  enormous 


♦  Mr,  Thomas,  "  Report,"  p.  37. 
t  "  The  upper  part  of  Cam  Marth  (about  one-third)  is  granite ;  large  blocks 
^'  are  strewed  oyer  this  part  of  the  mountain,  and  they  appear  to  hare  been 
"  rolled  from  the  summit."       Dr.  Bbrger,  Geo.  TVaiM.  o.s.  i.  p.  154. 

t  "  These  rocks  and  stones  have  probably  rolled  down  from  the  summit  or 
"  from  the  sides  of  the  hill  *  *  *  •  The  same  has  been  observed  on  the  sides 
**  of  Cam  Marth.      Mr.  Thomas,  "  Report,'^  p.  11 

§  Table  lxiv. 
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granitic  lode,  bearing  20-30'^  S.  of  W.,  and  dipping 
35-50^  N.^  is  from  5  to  10  fathoms  wide^  and  in  some 
places  even  more.  Its  composition  differs  little 
from  the  country  near  it^  except  that  perhaps  it  con- 
tains a  rather  smaller  proportion  of  mica :  they  have 
both  a  porphyritic  structure,  with  buff  and  flesh- 
coloured  crystals  of  felspar.  The  whole  substance  of 
the  lode  is  thinly  interspersed  with  tin  ore,  copper 
pyrites,  and  also  with  spots  of  iron  pyrites,  and 
here  and  there  a  little  vitreous  copper  ore.  These 
metalliferous  minerals  are,  however,  chiefly  disposed 
in  small  veins  and  strings,  which  most  commonly 
have  the  direction  of  the  lode,  and  generally  a 
northern  inclination  :  the  joints  in  the  rock  seem  to 
coincide  with  the  veins  both  in  bearing  and  dip,  and 
where  there  are  crevices  in  them  their  faces  are 
commonly  coated  with  fine  crystals  of  tin  ore. 

There  are  also  veins  of  granite  in  the  lode  which 
dip  S.,  and  sometimes  cut  off  the  small  strings  of 
tin  and  copper  ores  and  throw  them  upwards 
(PL  VIII.  Fig.  6.) ;  some  cross-courses  also  dis- 
place the  lode.* 

The  whole  of  this  remarkable  deposit  resembles 
those  of  JBalleswidden,f  Cligger,X  Carcla^,%  and 
the  Bunny y\\  in  granite ;  and  of  Wheal  Music J^  and 
Polberrow**  in  slate ;  except  that  in  neither  of  the 
others  do  the  ores  of  tin  and  copper  occur  together. 


*  By  one  of  the  cross'cwrses  the  lode  is  heaved  to  the  right 

t  Ante^  p,  15.  %  See  p.  94.  §  Ibid,  p.  120.  H  Ibid,  p.  121. 

f  Ibid,  p.  98,  no^f.  **  Ibid,  p.  101, 
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Here,  as  at  Carclaze,  the  Bunny,  and  Wheal 
Music,  nothing  but  the  extent  of  the  metalliferous 
tracts  and  the  opportune  concurrence  of  abundant 
streams  of  water  which  furnish  a  cheap  moving- 
power  for  the  machinery^  could  make  a  profit  to  the 
adventurers  from  so  slight  a  sprinkling  of  ore. 

The  whole  of  the  granite  in  this  district  is  much 
finer  grained  than  it  is  in  the  western  tracts. 

At  Tresmean^  a  massive  schorl-rock,  which  is 
principally  schorl  with  a  trifling  proportion  of  quartz 
and  felspar,  intervenes  between  the  granite  and  the 
ordinary  slate  of  the  district.  In  some  parts  of 
Wheal  Beauchamp\  a  somewhat  similar  rock  pre- 
vails ;  whilst  at  Wheal  BuUerf  the  chloritic  rock, 
already  mentioned,  is  interposed  between  the  granite 
and  the  chlorite  slate  which  occurs  there. 

A  coarse-grained  arenaceous  slate  of  a  reddish 
colour  with  a  great  deal  of  mica  arranged  between 
its  laminae,  and  its  cleavage  dipping  N.E.,  occurs  at 
Wheal  Sparnan ;  and  several  laminated  varieties  of 
schorl-rock,  often  disposed  in  parallel  black  and  white 
layers,  and  these,  too,  frequently  much  curved  and 
contorted,  are  interposed  between  the  granite  of 
Pednronrdrea  and  the  massive  schor^rock  of  Wheal 
Beauchamp.f 

Between  the  granite  and  Cardrew  Doums  mine  the 
rock  is  a  very  thick-4)edded  blue  slate,  in  wme  places 

*  Table  lix.  f  Table  lviii. 

t  ''  Proceeding  noithward,  an  extensire  banren  down  saeoeeds ;  and  the 
**  rock  immediately  under  it  consists  of  a  red  disintegrated  slate,  traversed  by 
"  numerous  quartz-veins,  next  which  the  rock  is  of  a  bright  briek-red  and 
**  friable/'        Dr.  Boasp,  Cwnwall  Geo,  TVoti^.  iv.  p.  W2, 
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it  becomes  red  X  with  rather  an  irr^ilar  cleavage ; 
and  towards  Tresherhy  it  changes  to  a  bluish-white 
date  which  decomposes  very  rapidly  on  exposure. 

Near  TreguUow  there  is  a  decomposing  coarse^ 
grained  micaceous  slate^  and  at  the  western  part  of 
Poldice^  a  thick-bedded  brick-red  mica  slate,  which 
is  probably  the  same  rock  in  a  perfect  statcf  A 
variegated  greenish  or  greyish-white  slate,  rather 
soft  and  disintegrated,  is  observed  at  Wheal  Jewel^X 
it  is  thick  lamellar,  and  the  cleavage  dips  towards 
the  east.  At  East  Wheal  Damsel^  the  rock  is 
somewhat  similar,  but  harder,  less  decomposed,  and 
with  a  deeper  tint  of  blue :  from  this  place  through 
Carharrack,  Ting  Tang,\\  and  along  the  south  flank 
of  Cairn  Marth,  a  brick-red  and  decomposing  micar 
ceous  slate  prevailsf  at  the  surface,  until  it  joins  the 
slaty  schorl-rock  at  Wheal  Beauchamp  :^  whilst,  at 
no  great  depth  beneath  it,  occurs  a  greyish-white 
slate  which  is  very  soft  and  friable. 

*  **  The  only  heaps  of  slate  that  I  saw  here,  were  in  a  state  of  disintegration, 
''  and  of  a  dark  red  colour :  but  even  in  this  state  it  is  evidently  different  from 
**  that  around  Chasewater,  being  full  of  dark  coloured  spots  resembling  that  of 
''  Cligga,  and  other  places  adjacent  to  the  granite.  That  part  of  the  mine,  next 
"  to  St.  Day,  is  in  another  kind  of  rock,  compact  felspar,  which  is  like  that  at 
*'  Wheal  Coates,  and  is  abundantly  intermixed  with  granitic  elvans.  A  hard 
''  and  very  tough  rock,  of  a  purplish  colour,  immediately  succeeds  the  last ;  it 
'*  breaks  into  thick  laminae,  the  surface  of  which  is  copiously  studded  with 
"  minute  shining  particles.  It  appears  to  be  a  variety  of  compact  felspar, 
*'  laminated  by  minute  scales  of  mica,  or  some  such  mineral." 

Dr.  Boase,  Cornwall  Geo,  Trans,  iv.  p.  306. 

t  ''  In  a  part  of  the  parish  of  Gwennap  there  is  a  stratum  of  reddish  killas 
'*  which  underlies  very  rapidly ;  in  some  parts  it  is  not  more  than  two  or  three 
''  fathoms  deep,  but  in  others  it  extends  to  the  depth  of  forty  fathoms :  the 
"  lodes  regularly  intersect  this  stratum ;  but  the  copper  lodes  are  invariably  un- 
'*  productive  in  it :  tin  has  been  found  in  it,  but  not  plentifully." 

Mr.  Carnb,  Cornwall  Geo.  Trans,  in.  p.  81. 

t  Table  lxv.  §  Table  lxiv.  ||  Table  i.x.  IT  Table  lviii. 
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Wherever  the  nature  of  the  surface  will  permit, 
similar  varieties  of  slate  are  seen  in  Gwennap-moors, 
and  near  Trevarth  and  Comfort ;  but  a  greyish  buff- 
coloured  slate  prevails  at  Wheal  Squire,  and  towards 
Poldory*  it  passes  into  a  pale  blue:  this  rock 
continues  through  Ale  and  Cakes*  the  eastern  part 
of  the  Consolidated  Mines,^  and  the  Union  Mines.X 

In  all  these  cases  it,  however,  assumes  a  darker 
hue  at  greater  depths ;  and,  generally  speaking,  the 
lodes  are  less  productive  in  this  deep  blue  slate  than 
when  lighter  tints  prevail.§ 

The  western  parts  of  the  Consolidated  Mines  \\ 
are  worked  to  smaller  depths,  and  there  the  slate  is 
generally  very  soft  and  of  a  pale  dove  colour :  but, 
towards  Poldory*  it  passes  into  a  laminated  schorl- 
rock,  like  that  of  Wheal  Beauchamp.% 

The  cleavage  dips  towards  the  south-east,  with 
but  very  few  exceptions. 

*  Table  lxi.  t  Table  lxui. 

X  A  Paper  of  my  own — Cornwall  Geo.  Trans,  iii.  p.  203. 
§  ''  The  killasy  when  below  the  surface  is  mostly  yery  hard,  and  principally 
''  of  a  bluish  colour ;  but  when  near  the  surface  it  is  generally  light  brown ;  in 
''  some  places  it  is  white,  or  nearly  so,  and  occasionally  a  faint  red." 

Mr.  Thomas,  <<  Report/'  p.  IS, 
II  ''The  Consolidated  and  United  setts  are  almost  entirely  composed  of 
"  *  killas,'  or  primary  clay  slate,  resting  immediately  on  the  granite  of  Cam 
*'  Marth,  which,  at  the  western  extremity  of  the  sett,  dips  below  the  kiUas  at  a 
«  considerable  angle,  appearing  to  vary  from  about  twenty-fiTC  to  thirty 
''  degrees.  The  colour  of  the  killas  near  the  surface  is  generally  brownish, 
"  with  occasionally  a  tinge  of  red ;  in  depth,  a  dull  or  blueish  grey  is  most 
'*  common,  but  it  is  often  white,  or  nearly  so,  particularly  in  the  United  Mines. 
**  The  texture  of  this  rock  is  generally  fine  grained  and  slaty ;  and  its  stratift- 
"  cation,  if  that  term  can  be  applied  to  the  slaty  clearage  which  it  ptesents,  is 
**  often  highly  inclined,  and  appears  to  hare  a  tendency  to  conform  with  the 
*'  underlying  body  of  granite ;  but,  in  this  respect  it  is  by  no  meaiii  regular. 
"  The  killas  is  generally  of  only  a  moderate  degree  of  hardness.'^ 

Mr.  Burr,  Mining  Review^  No.  vii.  (July,  1885.)  p.  20. 
IT  Table  lvui. 
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Towards  the  eastern  part  of  Poldice,  and  south 
of  the  parts  of  that  mine  at  present  worked,  a  deep 
pink-coloured  slate  appears :  its  laminae  are  rather 
thicks  with  a  cleavage  inclining  towards  the  south- 
east, and  joints  hearing  25^  S.  of  W. 

At  Creeg-braws  Common  the  slate,  near  the  sur- 
face, is  generally  of  a  pale  buff,  which  passes  into 
a  light  pink  colour ;  but,  from  the  appearance  of 
the  mine  heaps,  it  may  be  presumed  that  a  deep 
blue  slate  prevails  below.  At  Kerley  Downs,  and 
on  Ball-due  Common,  the  case  is  similar,  and  at 
Twelve-heads  a  deep  blue  slate  occurs,  and  is  con- 
tinued on  both  sides  of  the  valley  as  far  as  Chase- 
water  ;  it  is  in  very  thick  beds,  and  the  cleavage 
inclines  towards  the  south-east,  whilst  the  principal 
joints  bear  about  20^  W.  of  N. 

Throughout  Chasewater  Mine*  the  slate  is  of  a 

*  '^  Od  Friday  the  15th  of  July,  1757,  a  violent  shock  of  an  Earthquake  was 
"  felt  in  the  Western  parts  of  Cornwall. 

'*  The  Thermometer  had  been  higher  than  usual,  and  the  weather  hot  or  calm, 
"  or  both,  for  eight  days  before;  wind  East  and  North-East,  On  the  14th,  in 
"  the  morning,  the  wind  shifting  to  the  Soutii-West,  the  weather  calm  and 
**  hazy,  there  was  a  shower;  the  afternoon  hazy  and  fair,  wind  North- West; 
"  the  Barometer  moderately  high,  but  the  Mercury  remarkably  variable. 

**  On  the  15th,  in  the  morning,  the  wind  was  fresh  at  North- West,  the  at- 
^^  mosphere  hazy,  being  on  the  sands,  half  a  mile  East  of  Penzance,  at  ten  a.  m. 
"  near  low- water,  I  perceived,  on  the  surface  of  the  sands,  a  very  unusual  in- 
**  equality ;  for  whereas  there  are  seldom  any  unevenesses  there,  but  what  are 
"  made  by  the  rippling  of  the  water,  I  found  the  sands,  for  above  a  hundred 
**  yards  square,  all  full  of  little  tubercles  (each  as  large  as  a  moderate  mole- 
**  hill),  and  in  the  middle  a  black  speck  on  the  top,  as  if  something  had  issued 
"  there ;  between  these  convexities,  were  hollow  basons  of  an  equal  diameter ; 
"  from  one  of  these  hollows,  there  issued  a  strong  rush  of  water,  about  the  big- 
"  ness  of  a  man's  wrist,  never  observed  there  either  before  or  since. 

"  About  a  quarter  after  six,  p,  m.  the  sky  dusky,  the  wind  being  at  West- 
"  North- West,  fell  quite  calm ;  about  half  past  six,  being  then  in  the  summer- 
**  house  at  Keneggy,the  seat  of  the  Honourable  J.  Harris,  Esq.,  near  Penzance, 
"  with  some  company,  we  were  suddenly  alarmed  with  a  rumbling  noise,  as  if 

VOL.  V.  N 
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pale  grey,  but  towards  North  Downs  it  passes  into 
a  bluish-white  occasionally  streaked  with  brown. 


''  a  coach  or  waggon  had  paaaed  near  ua  orer  an  uneven  paTement;  bat  the 
'<  noise  waa  as  loud  in  the  beginning  and  at  the  end,  as  in  the  middle^  which 
'^  neither  the  sound  of  thunder  or  of  carriages  ever  it :  the  saah  casements 
"  jarred ;  one  gentleman  thought  his  chair  moved  under  him^  and  the  gardener, 
<<  then  in  the  dwelling-house^  (about  a  hundred  yards  distant  ftom  as)  felt  the 
*'  stone  pavement  of  the  room  he  was  in,  move  very  senslUy. 

'<  In  what  place  the  shock  began,  and  whether  progressive  or  instantaneous 
<'  in  the  several  places  where  it  was  felt,  is  uncertain,  for  want  of  aeeufately 
''  determining  the  precise  point  of  time  in  distant  places. 

<'  The  shock  was  not  equally  loud  or  violent  Its  extent  was  ftom  the  isles 
'<  of  Scilly  Eastward  as  far  as  Liskerd,  and  towards  the  North  as  ftur  as  Camel- 
''  ford ;  through  which  district  1  shall  trace  it  according  to  the  best  informations 
"  I  could  procure. 

'*  In  the  island  of  St  Mary,  Scilly,  the  shock  was  violent:  on  the  shores  of 
''  Cornwall,  opposite  to  Scilly,  (in  the  parish  of  Senan,  near  the  Land's  End) 
''  the  noise  was  heard  like  that  of  a  spinning-wheel  on  a  chamber  floor :  below 
*'  stairs,  there  was  a  cry  that  the  house  was  shaking ;  and  the  brass  pans  and 
"  pewter  rattled  one  against  another  in  several  houses  in  the  same  pariA.  In 
<'  the  a^ioining  parish  of  St.  Just,  two  young  men,  being  then  swimming,  felt 
'^  a  strong  and  very  unusual  agitation  of  the  sea.  In  the  town  of  Penzance, 
'^  in  one  house  the  chamber  bell  rung,  in  another  the  pewter  plates,  placed 
<'  edgeways  on  a  shelf,  shifted,  and  slid  to  one  end  of  the  shelf;  and  it  was 
''  every-where  perceived  more  or  iess,  according  as  peoples  attention  was 
''  engaged, 

*^  At  Trevailer,  the  Seat  of  William  Veale,  Esq.,  about  two  miles  from  Pen- 
*'  zance,  the  noise  was  heard,  and  thought  at  first  to  be  thunder:  the  windows 
''  shook,  and  the  walls  of  the  parlour,  where  Mr.  Veale  sat,  visibly  moved. 
^^  The  jarring  of  the  windows  continued  near  half  a  minute,  but  the  motion  of 
''  the  walls  not  quite  so  long ;  and  some  masons  being  at  work  on  a  contiguous 
'<  new  building,  the  upright  poles  of  the  scaffolds  shook  so  violently,  that  for 
'<  fear  of  falling,  they  laid  hold  on  the  walls,  which,  to  their  still  greater  sur- 
'^  prize,  they  found  agitated  in  the  same  manner;  and  a  person  present,  who 
"  was  at  London  at  the  time  of  the  two  shocks,  in  the  year  1751,  thought  this 
**  shock  to  resemble  the  second,  both  in  degree  and  duration. 

'<  At  Marazion,  the  next  market  town  East  of  Penzance,  the  houses  of 
''  several  persons  shook  to  that  degree,  that  people  ran  out  into  the  street,  lest 
**  the  houses  should  fall  upon  them.  In  the  borough  of  St.  Ives,  on  the  North 
''  Sea,  six  miles  North  of  Penzance,  the  shock  was  so  violent,  that  a  gentleman 
"  who  had  been  at  Lisbon  during  several  shocks,  said,  that  this  exceeded  all  he 
'*  had  met  with,  except  that  on  the  1st  of  November,  1755,  so  fatal  to  that  city. 

<*  At  Tehiddy,  the  Seat  of  Francis  Basset,  Esq.,  the  rooms  shook,  and  tiie 
^*  grounds,  without  doors,  were  observed  to  move.  The  shock  was  felt  sensibly 
^'  at  Redruth,  St  Columb,  Bodman,  &c.  along  to  Camelford,  which  is  about 
'<  ninety  miles  from  the  isles  of  Scilly.  From  Marazion,  Eastward,  it  was  felt 
''  at  several  places,  in  like  manner,  as  far  as  Lostwythyel :  but  at  Liskerd, 
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In  some  spots  it  contains  a  few  thin  beds  of  a  darker 
colour ;  but  the  whole  rock  is  very  soft  and  much 
decomposed.*  At  Wheal  Chance  a  mottled  lead- 
coloured  slate  gradually  passes  into  the  rocks  which 


**  abont  ten  miles  East  of  Lostwythyel,  it  was  but  faintly  perceiTed,  and  that 
^^  by  a  few  persons :  it  was  still  less  sensible  at  Loo  and  Plymoath,  *  scarcely 
<<  *  snfficient  to  excite  curiosity  or  fear/ 

*^  The  times  of  its  dnration  were  Tarious.  At  Keneggy,  we  thought  the 
**  noise  could  not  have  lasted  above  six  seconds ;  at  Trevailer,  not  two  miles 
'^  distant  to  the  West,  it  was  thought  Ur  have  lasted  near  half  a  minute ;  in  the 
^'  parish  of  Owynier,  half  a  minute ;  at  Ludgvan,  three  miles  East  of  Pen- 
<<  zance,  the  noise  was  rather  longer  than  half  a  minute ;  but  the  shaking  felt 
*'  in  flie  garden,  and  observed  in  the  houses,  short  and  momentary.  In  Oermo 
'^  great-work,  seven  miles  east  of  Penzance,  it  lasted  only  a  few  seconds ;  but 
**  in  the  isles  of  Scilly,  it  was  computed  at  forty  seconds, 

**  So  was  this  Earthquake  felt  in  towns,  houses,  and  grounds  adjacent;  but 
"  still  more  particularly  alarming  in  our  mines,  where  there  is  less  refuge,  and 
''  and  consequently  greater  dread,  from  the  tremors  of  the  earth. 

*'  In  Camorth  Adit,  in  the  parish  of  St  Just,  the  shock  was  sensibly  felt 
"  eighteen  fathom  deep ;  in  the  mine,  called  Boscadzhil-downs,  more  than 
'^  thirty  fathom, 

**  At  Huel-rith  mine,  in  the  parish  of  Lannant,  people  saw  the  earth  move 
^*  under  them,  first  quick,  then  in  a  slower  wavy  tremor ;  and  the  stage  boards 
'^  of  the  little  Windsor  shafts,  twenty  fathom  deep,  were  perceived  to  move. 

''  In  Herland  mine,  commonly  called  the  Manor,  in  the  parish  of  Gwynier, 
'^  the  noise  was  heard  fifty-five  and  sixty  fathom  deep,  as  if  a  studdle  had  broke 
'*  and  the  deads  were  set  a  running  :  It  was  nothing  like  the  noise  of  thunder. 

**  In  Chace-water  mine,  the  same  noise  was  heard,  at  least  seventy  fathom 
'*  under  the  surface. 

'*  At  Huel-rith  mine,  near  Godolphin,  the  noise  was  seemingly  underneath. 
^*  I  felt  (says  the  director  of  the  mine)  the  earth  move  under  me,  with  a  pro- 
^*  digious  swift,  and  apparently  horizontal  tremor ;  its  continuance  was  but  for 
''  a  few  seconds  of  time,  not  like  thunder,  but  rather  a  dull,  rumbling,  even 
"  sound,  like  deads  running  under  ground.  In  the  Smith's  shop  the  window- 
*^  leaves  shook,  and  the  slating  of  the  house  cracked ;  the  Whim-house  shook 
**  so  terribly,  that  a  man  there  at  work  ran  out  of  it,  concluding  it  to  be  falling. 
*'  Several  persons  then  in  the  mine,  working  sixty  fathom  deep,  thought  they 
^^  found  the  earth  about  them  to  move,  and  heard  an  uncommon  noise :  some 
*^  heard  the  noise,  and  felt  no  tremor ;  others,  working  in  a  mine  adjoining, 
*<  called  Huel-Bre4g,  were  so  frightened,  that  they  called  to  their  companions 
'*  above  to  be  drawn  up  from  the  bottoms :  their  moorhouse  was  shaken,  and 
''  the  padlock  of  their  candle-chest  was  heard  to  strike  against  the  staples." 

Dr.  Borlase,  Natural  History  of  Cornwall  (1758),  pp.  55-58. 

*  Table  lxix. 
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have  been  already  described  as  in  contact  with  the 
granite.* 

At  Wheal  Harmony  occurs  a  bed  of  slate,  quartz- 
ose  and  intensely  hard.f  but  of  no  great  thickness. 
In  general  it  is  massive,  and  often  consists  almost 
wholly  of  quartz.  It  is  probably  the  easterly  thin- 
ning out  of  the  greenstone  beds  which  have  been 
previously  mentioned.^; 

The  elvanrcourses  are  unusually  numerous  in  this 
district  The  most  northerly  one  is  on  the  north  of 
Wheal  Peever,%  and  may  be  traced  across  the  com- 
mon as  far  eastward  as  North  Briggan  where  it  has 
been  quarried ;  it  dips  N.  40-50^,  and  iB  from  6  to  8 
fathoms  wide.  The  next  elvan  has  been  extensively 
worked  in  several  places,  as  at  Treleigh,  north  of 
Redruth,  and  passes  eastward  through  Cardrew 
Down^W  and  Treskerby  ;1[  it  is  from  8  to  10  fathoms 
wide,  and  dips  S. :  at  Cardrew  Jiowns  it  sends  q^- 
shoots  into  the  slate. 

The  third  elvan  appears  in  the  Hayle  Railway 
terminus  at  the  western  end  of  Redruth,  and  is  there 
7  fathoms  wide  and  dips  S.  It  passes  under  the 
town,  and  is  again  seen  about  a  mile  eastward  near 
the  toll-gate,  where  it  is  worked  for  road-stones.  In 
this  last-mentioned  locality  it  appears  in  the  granite, 

■■■»  ■■■■■Ml       I  .mini  11.  «     I       ■■■III   >■    III     ■■    I.I      ■    i—^iw^^T'^PWW]  t     II 

*  iln^e,  p.  74. 
t  ^'  A  course  of  detached  iron-stone  rocks,  somewhat  inclining  to  killas  and 
"  interspersed  with  quartz,  traverses  Cardrew  Mines,  in  a  line  ftom  the  Bouth 
"  part  of  Wheal  Harmony  to  Wheal  Prussia."    Mr.  Thomas,  Report^  p.  18. 

t  Ante,  p.  61. 
§  Mr.  John  Williams,  Jun.,  Geo.  Trans,  iv.  p.  14S,  PI.  vii,  ilg.  1.     Mr. 
Thomas,  Report,  p.,31. 
i|  Table  lxviii.      IF  Mr.  Carne,  Cornwall  Geo.  Trans,  ir.  PI.  iii.  fig.  15. 
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through  which  I  have  been  unable  to  trace  its  further 
progress  towards  the  east. — 

All  these  occur  on  the  north  of  the  Cairn  Marth 
granite. 

The  fourth  elvan-course  is  seen  in  the  adit  north 
of  Wheal  Buller,*  and  again,  at  69  fathoms  deep, 
in  the  western  part  of  the  same  mine  {b),  both  west 
of  Cairn  Marth :  it  is  about  25  fathoms  wide,  and 
dips  N.  40-50^.  Near  Davey's  lode  its  joints  con- 
tain large  quantities  of  native  copper ;  and,  in  some 
places,  there  is  a  gradual  transition  between  the  lode 
and  the  elwin,  through  the  medium  of  a  quartzose, 
and  fine  grained,  but  still  porphyritic,  rock,  which  is 
often  impregnated  with  copper  pyrites,  sometimes  in 
veins,  and  at  others  in  small  unconnected  masses. 

Another  elvan-course  is  observed  in  Wheal  Beau- 
champ  engine-shaft  (a).f  At  the  depth  of  29  and 
12  fathoms ;  it  is  only  3  fathoms  wide,  whilst  at  69 
fathoms  deep  its  breadth  is  30  fathoms :  from  it 
several  veins  shoot  into  the  slate,  and  frequently  to 
considerable  distances. 

On  the  top  of  Lanner  Hill  an  elvan  appears  in  the 
water-course  at  the  side  of  the  turnpike-road  ;  and 
a  little  south  of  Wheal  Duller  counting-house  a 
similar  rock,  within  the  borders  of  the  granitic  tract, 
is  very  largely  quarried  for  building  purposes. 

On  the  eastern  side  of  the  Cairn  Marth  granite 
and  south  of  Tresherhy,  the  most  northerly  elvan 
appears  in  the  side  of  the  hill  which  rises  north  of 

*  Mr.  Thomas,  Report,  p.  50.    Tabic  Lviii,  t  Table  lviii. 
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the  valley  leading  to  Wheal  Pink,  and  again  in 
Wheal  Unity  Wood,  and  is  there  called  the  great 
elvan.*  It  is  probably  the  same  which  has  been 
used  in  building  great  part  of  Chasewater,  and 
which  is  extensively  worked  at  Creeg  Quarry, 
on  Creeg-braws  Common ;  and,  passing  very  near 
Chasewater  Church,  re-appears  on  the  east,  about 
midway  between  Kerley-barrow  and  the  turnpike- 
road.  It  dips  N.  30-40^,  and  is  from  6  to  8  fSeithoms 
broad. 

The  next  elvan-caurse  passes  through  Wheal 
Unity  and  Poldice,  is  intersected  by  many  of  the 
workings  of  Creeg^aws,  and  is  here  and  there 
exposed  in  small  quarries  on  the  common.f  Further 
eastward  it  passes  directly  under  Kerley-barrow, 
where  it  opens  in  thick-flaggy  horizontal  beds,  and 
is  largely  quarried.  Its  dip  appears  to  be  S.,  and  its 
breadth  3  or  4  fathoms. 

The  uncertainty  attending  the  relations  of  the 
elvans  in  Coisgame  Downs  has  been  frequently 

*  Table  lxti.  This  elvan  has  here  been  extensively  worked  for  the  tin  ore 
with  which  it  is  abiindantly  sprinkled  throaghout. 

<<  A  little  south  of  Chasewater,  at  Creag  Braws,  a  amru  <^«2imii  has  been 
**  extensiyely  quarried  in  the  direction  of  the  bed :  it  runs  nearly  east  and  west, 
<<  and  dips  northward,  at  about  lO*',  as  is  shewn  about  the  middle  of  the  quarry, 
"  where  the  elvan  is  seen  in  contact  with  the  slate,  which  is  red^  and  much  dis- 
<'  integrated.  This  elvan  is  a  felspar-porphyry,  rarying,  as  usual,  In  different 
'<  parts  of  the  bed :  some  of  its  layers  have  a  basis  of  grey  compact-felspar, 
<<  containing  white  decomposed  felspar,  which  is  rarely  in  distinct  crystals: 
<<  the  greater  part  of  this  elvan,  however,  has  only  imbedded  granules  of  quartz, 
«  and  numerous  crystalline  groups  of  a  dark  mineral,  which  decomposes  into 
'<  ochreous  spots.  The  upper  part  of  this  elvan  has  acquired  a  yellow  colour, 
<<  and  is  completely  disintegrated."     Dr.  Boase,  Cora.  Geo.  TVoiu. iv.p. 305. 

t  Mr.  Thomas,  Report,  p.  66. 

In  one  of  these  quarries  it  apparently  dips  S.,  and  is  thrown  3  feet  upward  by 
a  joint  traversing  both  the  elvan,  and  the  contiguous  slate.  The  junction  of  the 
two  rocks  is  very  distinctly  displayed. 
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pointed  out  ;^  and  although  I  have  devoted  much 
time  to  their  examination,  I  must  give  the  following 
results  of  my  enquiries  with  some  hesitation.  The 
leading  facts  are  well  ascertained :  but  respecting  a 
few  minor  details  which  are  not  equally  evident  there 
may  be  some  difference  of  opinion. 

Four  elvanrcourses  are  seen  to  traverse  Coisgarne 
Downs.  The  first  appears  near  the  Devron  Railway, 
where  it  crosses  the  high-road  at  West  Wheal  Vir- 
gin, and  again  in  the  eastern  part  of  Wheal  Virginjf 
It  crosses  the  valley  near  Hayle  Mills,  as  marked  in 
Mr.  Thomas's  Maps,;};  and  afterwards  that  which 
run)5  from  Twelve-heads  to  Chasewater :  it  is  found 
also  at  Skit's  Coombe,  Wheat  Hope,  south  of  Wheal 
Sperris,  and  on  the  north-east  of  Wheal  Falmouih.% 
Nowhere  can  its  size  be  well  ascertained :  it  is,  how- 
ever, several  fathoms  wide,  and  dips  N. 

The  second  of  these  elvan-courses  may  be  traced 
on  the  common  between  West  Wheal  Virgin\\  and 
Ale  and  Cakes :%  it  next  appears  at  from  80  to  90 
fathoms  deep  in  Wheal  Lovelace  (Consolidated 
Mines ),\\  and  also  near  Pearce's  Engine,  at  180,  and 
in  another  place  (west)  at  200  fathoms  deep :  also 
in  Wheal  Fortune  at  160  and  200,  and  in  Cusvey 
(Consolidated  Mines)**  at  160  fathoms  deep.    At 

*  Mr.  Thomas,  Report,  pp.  17-67,  and  Mining  Review,  No.  viii,  (May 
1836)  p«  269.    Mr.  Came,  Cornwall  Geo.  Trans,  ii.  p.  82.    Mr.  Burr,  Mining 
Rev.  No.  VII.  (July  1835)  pp.  22-25,  &  Elements  of  Practical  Geology,  p.  287. 

t  Table  lxii. 
t  Geological  Map  of  the  Mining  District  of  Cornwall  (1819),  and  Maps  of 
the  Carn  Menelis  District  (1833),  in  the  Museum  of  the  Royal  Institution  of 
Cornwall. 

^  Table  lxvii.        \\  Table  lxii.        IT  Table  lxi.        **  Table  i.xiii. 
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Wheal  Friemhhip  it  occurs  at  the  surface,  and  it 
may  be  traced  eastward  through  Nangiles,^  Ball^ue, 
Wheal  TregothnaUy  Goodern,  Venton-goose^  and 
further  eastward  it  crosses  the  vale  north-west  of 
Penwethers.  At  Wheal  Fortune,  Cusvetf^^f  Wheal 
Friendship,  and  BaUrdue,  it  dips  N.  30-45^.  At  the 
first  mine  it  is  about  20  fathoms  wide,  and  in  the 
last  about  16. 

The  third  of  these  elvan-courses  may  be  traced 
nearly  to  the  granite  of  Cairn  9f  arth,  on  the  north 
of  Roche's  Engine  at  Ting  Tang:^  and  thence 
across  the  common  to  the  White-works  north  of 
Poldory,%  where  it  was  formerly  wrought  for  the 
large  quantity  of  tin  ore  it  contained.  Latterly  the 
decomposed  portions  have  been  removed  for  the 
manufacture  of  a  coarse,  but  useful,  kind  of  fire- 
brick, and  to  be  employed  as  fire-clay  for  the  lining 
of  furnaces,  and  setting  the  fire-places.  The  rise  of 
the  hill  eastward  throws  its  hack  southward,  and  it 
re-appears  in  a  water-course  south  of  Ale  and  Cakes, % 
and  again  in  that  mine  at  148  fathoms  deep.  But 
in  these  localities  its  size  is  very  irregular ;  indeed, 
in  the  last  mentioned  it  is  only  a  few  feet  wide,  and 
sends  off  shoots  and  veins  into  the  contiguous  slate. 
Eastward  it  re-appears  on  the  declivity  of  Race-hill, 
and  again  not  far  from  the  mouth  of  the  great  adit. 
In  one  of  the  Devron  Railway-cuttings  it  is  exposed, 

*  '*  In  this  mine,  adjoining  to  the  north  side  of  the  lode,  is  a  coarse  of  soft 
^'  white  el  van,  30  fathoms  in  breadth,  and  on  the  south  side  of  the  lode  killas." 

Mr.  Thomas,  Report^  p.  36. 
t  Table  lxiii.  t  Tabic  i.x.  §  Table  LXi. 
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and  may  be  traced  thence  across  the  common  to- 
wards Wheal  Whiddeuy  and  is  well  shewn  in  a  deep 
rut  about  200  fathoms  south  of  Tregothnan  Consols. 
Throughout  its  course  the  superficial  portions  are 
much  decomposed.  It  everywhere  dips  N. ;  and, 
with  the  exception  already  mentioned,  is  from  10  to 
12  fathoms  wide. 

The  last  elvan  which  I  have  noticed  thus  at  length, 
appears  near  Trevarth,  and  is  met  with  in  the  work- 
ings of  Ting  Tang,^  south  of  which,  and  near  the 
road  from  Carharrack  to  Comfort,  the  decomposed 
superficial  parts  are  now  used  for  the  manufacture 
of  fire-bricks.  It  may  be  traced  throughout  the 
workings  of  Wheal  Squire,  at  the  surface  to  the 
south  of  Poldory,^  and  again,  at  173  fathoms  deep, 
in  the  engine-shaft  of  that  mine,  and  thence  across 
the  vale  to  Sunny-corner,  through  the  enclosures 
at  Coisgarne,  and  crosses  the  great  adit  near  Point- 
stamps.  It  is  found  again  at  Bissoe  Bridge  Mine, 
where  much  tin  ore  has  been  obtained  from  it : 
thence  it  may  be  followed  along  a  line  of  old  but 
shallow  workings  extending  over  the  common  to 
Wheal  Bottrally  and  to  the  south-east  of  Sparnick, 
This  elvan  dips  N.  40-50*^,  and  is  many  (in  the  adit 
at  Ting  Tang^  24)  fathoms  wide :  like  the  preceding 
it  is  often  much  decomposed  near  the  surface.  Of 
all  of  them  it  may  be  remarked  that,  in  many  parts 
of  their  course,  they  are  largely  quarried  for  building 
materials. 

•  Table  lx,  t  Table  lxi. 
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Traces  of  elvan  present  themselves  in  the  way- 
side north  of  Comfort,  and  in  two  or  three  pboes  in 
the  adit  east  of  Tresavean,*  but  these  are  probably 
portions  of  other  courses  which  lie  to  the  south  of 
those  already  mentioned. 

The  hill  on  the  western  side  of  the  valley  which 
separates  the  parish  of  Redruth  from  that  of  Illogan 
has  been  partly  cut  down,  and  in  the  section  of  slate 
rock  thus  exposed  is  an  isolated  patch  of  a  pwphy- 
ritic  felspar  rock,  which  looks  like  an  unconnected 
mass  of  ekan ;  it  is,  however,  far  from  any  ehatir 
course,  and  also  from  the  granite  of  Cairn  Bvea. 

In  their  directions  the  elvafhcaurses  are  about 
10-20''  S.  of  W.,  but  vary  a  little  in  different  places : 
and  they  differ  from  those  in  most  other  districts, 
inasmuch  as  they  bear  much  less  to  the  south  of 
west  than  the  lodes ;  and,  with  the  exception  of  that 
observed  at  the  Hayle  Railway-station  at  Redruth, 
the  Cardrew  Doums\  elvan,  and  the  south  eha»  on 
Creeg-braws,  they  all  dip  towards  the  north. 

They  are  commonly  several  fathoms  wide ;  and 
their  composition  is  similar  to  that  of  the  ehan- 
courses  already  described  \X  ^2*>  ^  basis  of  compact 
felspar,  usually  of  a  greyish-buff,  or  a  pale  pink  hue, 
mixed  with  some  siliceous  matter,  and  generally 
containing  masses  of  crystalline  felspar,  and  often, 
too,  double-pointed  crystals  of  quartz :  schorl  not 
unfrequently  appears  in  radiating  crystalline  groups. 


*  Table  lix.    There  are  several  elvan-courses  at  no  great  distance  southward 
of  this  mine. 

t  Table  lxvhi.  t  Ante,  pp.  31-37-61-64. 
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and  ferruginous  matter  is  very  largely  dispersed 
through  them. 

These  elvan-courses  abound  in  irregular  joints, 
and  have  often  a  somewhat  concretionary  structure, 
evidently  dependent  on  the  mode  in  which  the  fer- 
ruginous particles  are  distributed :  these  at  one  time 
take  a  globular^  and  at  another  an  angular  form ; 
around  these  concretions  the  rock  is  sAso  often  de- 
composed, as  at  the  Hayle  Railway  terminus  in 
Redruth. 

The  colouring  matter  on  the  surface  of  these 
elvoM  seems,  in  some  measure,  to  depend  on  that  of 
the  contiguous  rocks,  since  the  hues  will  vary  from 
a  rusty  red  to  pale  grey,  in  the  same  course,  and  even 
within  very  short  distances,  as  at  Treleigh  and 
Creeg-quarry. 

Of  all  these  the  junctions  with  other  rocks  are 
well  shewn  in  many  situations :  in  some  cases  there 
seems  to  be  a  gradual  transition  from  the  elvan  to 
the  massive  slate  rocks  in  contact,  as  at  the  Consoli- 
dated*  and  the  United  Mines  .-f  in  others,  as  at  the 
White-works,  Creeg-braws,  &c.,  the  line  of  demarca- 
tion between  them  is  distinctly  marked. 

I  have  already  mentioned  the  mode  in  which  tin 
ore  is  dispersed  through  them  at  Wheal  Unity 
Wood.l  White-works,  and  Bissoe-bridge,  as  well  as 
the  decomposed  state  of  some  of  their  superficial 
portions,  and  also  the  purposes  to  which  these  have 
been  applied.     Indeed  the  rubbish  thrown  up  on  the 

*  Tables  LXii.  Lxm.  t  Table  LXi  ^ Tabic  i  xvi. 
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surface  of  the  mines,  whether  it  be  from  slate,  el^an, 
or  granite,  everywhere  decomposes  so  very  rapidly, 
that  no  portions  of  it,  but  those  which  are  quartzose 
and  have  been  obtained  near  the  lodes,  are  fit  for 
building-stones. 

The  average  bearing  of  the  lodes  in  this  district 
varies  from  15 -SO''  S.  of  W.;  their  usual  dip  is 
towards  the  north,  though  with  numerous  and  im- 
portant exceptions.* 

There  are  here  many  cross-courses  and  cross^u- 
cans:  the  most  considerable  enters  the  district  at 
North  Doumsif  where  it  heaves  the  lodes  54  fathoms 
towards  the  right  hand,  whilst  a  second,  within  a  few 
fathoms  in  the  same  mine,  heaves  them  again  in  the 
same  direction  18  fathoms.^  These  cross^4>eins, 
most  probably,  unite  southward  of  this  mine^  but 
their  further  course  in  that  direction  is  not  certainly 
known.  On  the  opposite  side,  however,  of  the 
eastern  portion  of  the  Cairn  Marth  granite,  certain 
flucans  occur,  which  are  thought  to  be  spHts  and 
branches  of  the  great  cross-course.  In  the  range  of 
these  flucans  southward,  through  Wheal  Damsel,% 
WhedlJewel,\\  East  Wheal  Damsel,^  Ting  Tang** 

*  Tayhr^s  Lode,  at  the  dmsaUdaJUd  Mines,  in  general  dips  N.,  bat  the  deeper 
parts  of  the  most  easterly  portion  yet  seen  have  an  opposite  inclination. 

t  Table  lxix. 

t  Mr.  John  Williams^  Jan.,  Geo.  Trans,  iv.  p.  148,  PI.  tii.  fig.  1.  Mr. 
Thomas,  Report,  p^  2S,  Mr,  Came,  Cornwall  Geo.  Trans,  ii.  p.  109,  PI.  ii. 
fig.  S.    Mr*  Hawkins,  Ibid,  p.  2S9. 

The  croM-coitrses  are  composed  of  an  infinity  of  small  veins,  each  of  which 
heaves  the  lode  a  small  distance. 

§  |Mr.  Wm,  PJiillips,  Geo.  Trans,  o,s.  ii,  p.  156,  PI.  yi.  fig.  1.    Mr.  Tlioffias, 

Report,  p.  52. 

II  Table  lxv.  f  Table  lxiv. 

**  Table  ix.    Mr.  Came,  Cornwall  Geo.  Trans,  ii.  p.  116,  PI.  ii.  fig,  11. 
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Wheal  Squire/^  and  Poldory^  some  heave  the  lodes 
towards  the  right  hand,  hut  perhaps  the  greater 
number  do  so  to  the  left.  Nothing,  indeed,  can  be 
more  irregular  than  the  way  in  which  the  lodes  are 
affected  by  innumerable  little  fiucans  in  West  Wheal 
Virgin,^  Poldory,f  and  Wheal  Squire;*  which 
mines  occupy  a  tract  bounded  on  the  west  by  a 
jlvjcan  or  cross-course  separating  the  latter  from  Ting 
7Vi^,§  and  on  the  east  by  Tiddy's  cross-course, 
which  divides  Ale  and  Cakes  from  Poldory  (United 
Mines).f 

These  smaW  Jlucans  often  extend  but  a  few  fathoms 
in  either  direction,  and  occasion,  as  it  were^  rents  in 
the  middle  of  the  lodes,  neither  rising  to  the  surface, 
nor  descending  to  any  great  depths  :  in  their  results 
they  may  be  compared  to  rents  in  the  middle,  but 
which  do  not  reach  to  the  edges  of  a  piece  of  cloth.  || 

There  are,  however,  several  principal  flucans  ob- 
serving much  regularity  both  in  their  bearing  and 
effects.  Some  such  occur  in  Wheal  Damsel^  and 
Wheal  Squire,**  mines  now  no  longer  worked, 
which  therefore  I  have  not  explored :  other  flucans 
in  other  of  the  mines  are  still  accessiblcf  f    One  of 

*  Mr.  Thomas,  Report,  p.  64.  Mr.  Carne,  Cornwall  Geo.  Trans,  ii.  p.  116, 
PI,  II,  fig.  T.  t  Table.  LXi. 

%  It  was  by  one  of  these  that  the  heave^  which  has  been  already  described  by 
me  (Cornwall  Geo,  Trans,  iii.  p.  329),  was  effected.  In  the  severed  portions 
of  the  lode  were  two  quartz  stones  which,  on  comparison,  exactly  fitted  into 
each  other ;  and  the  intervening  flucan  contained  a  cavity  corresponding  with 
their  irregularities. 

§  Table  lx.    Mr.  Carne,  Cornwall  Geo.  Trans,  ii.  p.  116,  PI.  ii.  fig.  II. 

II  This  seems  also  the  case  in  Wheal  BuUer  and  Wlieal  Beauchamp  (Table 
LViii.) ;  for  the  cross-veins  affecting  one  lode  do  not  meet  the  others. 

f  Mr.  Wm.  Phillips,  Geo,  Trans.  o,s.  ii.  p.  156,  PI.  vi.  fig.  1.  Mr.  Thomas, 
Report,  p.  53.  **  Mr.  Thomas,  Report,  p.  64. 

ft  East  Wheal  Damsel,  Wheal  Jewel,  Poldory,  ^c. 
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the  chief  of  these,  called  Steven^s  Jluean,  in  JEast 
Wheal  Damsel,*  and  Johris  ftucan^  in  Wheal  Jewel^ 
in  the  former  Jieaves  the  lodes  from  6  to  12  fathoms, 
and  from  5  to  12  fathoms  in  the  latter,  and  in  every 
instance  towards  the  left:  whilst  in  the  former, 
another  flucan  heaoes  the  lodes  12  fSeithoms  to  the 
right  hand. 

At  Poldory,X  Sinews  Jluean  heaves  all  the  lodes 
south  of  a  given  line,  towards  the  right,  and  all  to 
the  north  of  it,  to  the  left  hand  :  but  all  these  which 
are  nearest  to  this  assumed  line  of  separation  are 
heaved  to  greater  distances  than  those  which  are 
further  from  it.  In  the  same  mine,  Bawderis  flucan 
heaves  the  hdes  from  8  to  10  fathoms  towards  the 
right 

Tiddy^s  cross-course  passes  through  Wheal  Unity, 
Poldice,  the  Consolidated,^  and  the  United  Mines.X 
In  the  Consolidated  Mines%  it  heaves  the  lodes  from 
2  feet  to  2  fathoms,  and  always  to  the  right  hand : 
in  the  United  MinesX  the  hemes  are  from  6  to  8  feet, 
and  though  they  are  rather  more  frequently  towards 
the  left,  yet,  in  one  singular  case,  the  same  lode  is 
heaved  by  the  same  cross-course  to  the  right  at  one 
spot,  and  at  another  towards  the  left. 

But,  although  the  lodes  traverse  the  rocks  which 
lie  between  the  ehan-courses,  and  sometimes  also 

*  Mr.  Hawkins,  Cornwall  Geo.  Trans,  u.  p.  229,  PI.  it.  fig.  1,    Table  LXiv. 
Mr.  R.  W.  Fox,  Phil.  Trans.  (1830)  pp;  410-414,  fig.  8-25. 

t  Table  lxt.    Dr.  Boase,  Primary  Geology,  p.  181 ,  tg*  17.    Mr.  R,  W.  Fox, 
Phil.  Trans.  (1830)  pp.  409-414,  fig.  1-2-26. 

%  United  Mines,  Table  lxi.  ^  Table  Lxii. 
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even  the  elvans  themselves,*  and  thotigh  the  cross- 
courses  and  Jlucans  traverse  lodes,  elvans,  and  other 
rocks^  alike  and  indiscriminately,  andP^hough  the 
lodes  are  almost  invariably  heaved  by  these  cross- 
veins,  yet  within  the  whole  tract,  aa  far  as  I  am 
aware,  there  is  not  a  single  case  of  $i^^mn  which 
is  heaved  by  either  of  these  veins.f     tB>^ 

Of  two  series  which  thus  irregv^arly  alternate 
with  each  other,  and  are  both  intersected  by  a  third 
system  of  veins,  the  first  is  displaced,  whilst  the 
second  remains  unmoved :  though  the  second  is  in- 
variably cut  through  by  the  first  whenever  they  meet. 

The  cross-bourses  and  cross-fiucans  generally  bear 
W.  of  N.,  on  an  average  perhaps,  about  20^,  but 
some  range  even  S.E.  and  N.W.,  whilst  a  few  strike 
obliquely  as  far  as  N.E.  and  S.W.  They  often  de- 
scend more  perpendicularly  than  the  lodes,  but, 
whenever  inclined,  the  greatest  number  dip  eastward. 

The  difference  between  Jlucans  and  cross-courses 
is  merely  in  their  contents :  the  former  consists 
chiefly  of  clay,  but  the  latter  contains  quartz  also, 
which  is  frequently  disposed  in  veins,  or  exhibits  a 
jointed  structure.    Such  veins  of  crystalline  quartz 


*  Mr.  Michael  Williams  is  of  opinion,  that  in  this  district  the  lodes  which 
intersect  elvan-courses  in  their  descent,  are  seldom  productive  beneath  them, 

t  ''  On  the  sea-shore  a  little  west  of  Swan  Pool,  is  a  large  elvan-course, 
^^  which  runs  about  north-east  and  south-west,  for  several  hundred  feet,  and 
"  dips  east  of  south  at  an  angle  of  45^.  Near  low  water-mark  it  abruptly 
''  terminates ;  but  immediately  adjoining,  on  the  southern  side,  it  is  seen  con- 
'^  tinuing  its  course  in  the  original  direction,  so  that  it  has  apparently  been 
"  moved  about  twenty  feet.''      Dr.  Boase,  Cornwall  Geo.  Trans,  iv.  p.  315, 

Mr.  Thomas,  Mining  Review,  No.  viii.  (May,  1836)  p.  275.  Dr.  Boase, 
Primary  Geology,  p.  54. 

This  is,  however,  some  miles  south   of  the  limits  of  this  district. 
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compose  the  larger  part  of  the  great  cross-course* 
of  Tiddi/s  cross^ourse,^  and  of  many  in  North 
Downs.X  But  other  parts  of  the  same  veins  are 
principally  of  clay,  in  which  case  they  are  recog- 
nized as  flucans. 

This  district  illustrates  the  difference  which  takes 
place  in  the  contents  of  veins  whenever  they  pass 
from  one  kind  of  rock  to  another.  Of  this  foct  the 
cross-courses,  perhaps,  afford  the  most  conspicuous 
examples :  as  whether  they  traverse  slate,  elvan,  or 
granite,  their  characters  immediately  alter  with  the 
change  in  the  containing  rock.§ 

Little  valuable  produce  has  been  found  in  the 
cross-veins  of  this  district.  At  West  Wheal  Virgin 
(Consolidated  Mines),\[  vitreous  copper  ore,  red  ox- 
ide of  copper,  and  native  copper,  have  been  found 
in  a  few  rich  hunches  in  Tiddijs  cross-course ;  in 
Ting  Tang^  a  vein  of  vitreous  copper  ore,  of  2 
feet  wide,  accompanies  the  western  fiucan  for  the 
whole  distance  (3^  fathoms)  between  the  portions  of 
the  middle  lode,  which  it  divides;  and,  at  Wheal 
Spamon,  cobalt  has  occurred  in  a  cross-course.** 


*  Ante,  p.  88.  t  Tables  lxi.  lxii.  X  Table  Lxix. 

§  ''  The  soft  bluish-white  killas  is  most  favourable  to  copper,  and  the  hard 
*'  black  killas  to  mandic :  the  change  in  the  lodes  in  passing  through  strata  of 
<<  both  descriptions  is  freqnently  from  copper  to  mundic.  In  general  an  un- 
''  favourable  change  takes  place  in  both  copper  and  tin  lodes  when  the  killas 
"  becomes  very  slaty,  although  not  harder  than  before." 

Mr.  Carnb,  Cornwall  Geo.  TroMS,  ui.p.  82. 
n  Table  lxii,  f  Table  lx. 

**  Mr.  Thomas,  Report,  p.  63. 

''  We  have  had  but  one  Cobalt  Mine  that  ever  was  distinguished  by  that  name 

"  in  this  vicinity,  which  was  discovered  accidentally  by  Mr.  Beaachamp,  in  an 

'<  adit  that  he  drove  through  some  part  of  his  estate  at  Pengreep  in  Gwenap. 

**  He  discovered  a  lode  of  three  feet  in  breadth,  which  contained  a  branch  of 
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For  the  most  part,  the  produce  of  the  lodes  is 
copper  pyrites,  which  is  raised  in  every  mine  in  the 
district  in  very  large  quantities :  vitreous  copper  ore 
has,  however,  been  plentiful  in  Wheal  Jewel,  East 
Wheal  Damsel,  Ting  Tang,  &c.,  and  native  copper 
and  the  red  oxide  of  copper  have  been  abundant  in 
Wheal  Gorland,  Wheal  Unity,  Ting  Tang,  Wheal 
Buller,*  Penstruthal,  &c. ;  the  carbonates,  arseni- 
ates,  and  silicates  of  copper,  and  other  combinations 
of  the  same  metal,  have  also  prevailed  in  several  of 
the  mines  just  mentioned. 

Near  the  surface,  the  lodes,  with  few  exceptions, 
contain  much  earthy  brown  iron  ore,  mixed  with 
quartz  ( gossan) y\  and  interspersed  with  black  and 
vitreous  copper  ores,  blende,  galena,  and  also  with 
tin  ore.J  It  is  indeed  worthy  of  remark  that  the 
shallower  parts  of  several  have  produced  tin  ore  in 


**  real  Cobalt;  and  it  happening  about  the  time  when  the  Society  of  Arts,  &c., 
"  offered  a  premium  of  thirty  guineas  for  the  best  Cobalt  to  be  discovered  in 
"  England,  he  was  honoured  with  the  reward  for  his  specimen,  pursuant  to  the 
**  advertisement.    It  did  not  hold  in  depth,  but  soon  deserted  the  pursuers," 

Mr,  Pryce,  Mineralogia  Comubiensis,  p.  50. 

*  In  this  mine  vitreous  copper  ore  and  copper  pyrites  occur  mixed,  in  very 
large  quantities. 

t  "  On  fait  une  distinction  en  g^n^ral  des  matieres  qui  accompagnent  & 
"  annoncent  ces  deux  especes  de  min^rais ;  celles  qui  forment  les  filons  de 
"  cuivre  qui  conduisent  au  min^rai,  &  qui  en  contiennent  souvent  elles-m^mes, 
"  se  nomment  gozan  ou  gossan :  pr^s  de  la  surface  de  la  terre,  c'est  une  espece 
"  de  min(^rai  defer  en  partie  ddcompos^,  ou  substance  ocreuse  unie  kdu  quartz 
"  &  ^  un  rocher  bleuatre ;  mais  dans  la  profondeur  ce  gozan  est  compost  de 
"  quartz  &  de  mica  blanc  sur  une  roche  d'un  bleu  clair,  assez  souvent  avec  de 
"  la  pyrite  jaune  ou  blanche,  quelquefois  aussi  le  tout  est  parsem^  de  min^rais 
"  de  cuivre."      M.  Jars.  Voyages  MStallurgiques  (1765),  in.  pp.  192-193. 

t "  Our  Gossan  Lodes  often  produce  Tin  at  a  shallow  level  in  tolerable  plenty; 
"  and  chiefly  that  Gossan  which  is  of  the  most  ferruginous  stamina." 

Mr.  Pryce,  Mineralogia  Comubiensis,  p,  44. 

VOL.  v.  O* 


86*       W.  J.  Henwood,  on  the  Metalliferous 

considerable  quantities;    whilst,  at  greater  depths 
the  same  veins  have  been  prolific  of  copper  ores. 

Much  tin  ore^  has  been  obtained  at  Poldice, 
Wheal  Unity  Wood,  and  Ball-due. 

*  There  are  but  two  manufactories  of  white  arsenic  (arsenitnu  add)  in  the 
kingdom,  and  both  of  them  are  in  this  neighbourhood :  the  first,  established 
about  25  years  since,  near  Perran-well ;  the  other,  within  2  or  S  years,  near 
Bissoe-bridge.  The  materials  which  are  procured  from  all  parts  of  Cornwall, 
consist  of  sulphur  and  arsenic,  mixed  in  yarious  proportions,  and  are  obtained 
from  the  flues  of  the  ovens  in  which  the  ores  of  tin  and  copper  are  roasted, 
in  order  to  facilitate  their  separation. 

They  are  first  placed  in  a  common  reverberatory  furnace,  haying  a  very  long 
flue,  and  the  heat  is  so  slowly  increased  as  to  dissipate  the  sulphur  before  the 
arsenic  is  volatized.  The  temperature  is  then  carefully  raised  and  the  arsenic 
is  driven  off:  but  as  this  requires  a  much  greater  heat  than  the  sulphur,  it  is 
therefore  the  more  readily  deposited  on  the  sides  of  the  flue.  When  this  has 
been  continued  for  a  sufficient  time,  perhaps  weeks,  or  even  months,  the  fire  is 
extinguished,  the  flue  is  opened,  its  contents  are  removed,  and  the  finer  part 
of  the  arsenic  is  found  next  the  fire :  as  the  distance  therefrom  increases,  the 
arsenic  is  found  more  and  more  mixed  with  sulphur,  and  this  is  again  placed  in 
the  furnace  for  a  repetition  of  the  first  process. 

The  purer  portion  is  now  introduced  through  a  hole  at  the  apex  into  conical 
cast-iron  retorts  of  about  2|  feet  high,  and  from  15  to  18  inches  in  diaoieter  at 
the  base.  The  broader  ends  of  these  are  clamped  to  an  iron  plate,  which  forms 
the  upper  side  of  a  flue  from  a  rather  small  but  very  brisk  fire,  and  the  joints 
are  closed  by  luting ;  the  aperture  at  the  top  being  shut  by  a  plain  iron  stopper 
only.  When  the  workman  thinks  that  this  has  been  all  sublimed,  he  removes 
the  plug,  and  through  a  funnel  introduces  a  further  charge,  and  so  on  until  he 
imagines  a  sufficiently  thick  crust  is  deposited  within :  the  clamps  are  then  taken 
off,  the  retort  is  conveyed  into  the  open  air,  and  its  place  supplied  by  another. 
These,  whilst  at  work,  are  placed  beneath  a  dome  opening  into  the  external  air, 
in  order  that  the  labourers  may  not  be  injured  by  the  mixture  of  the  vaporized 
arsenic  with  the  atmosphere  of  the  work -shop. 

The  pure  white  arsenic  thus  lining  the  retort  is  usually  about  an  inch  thick, 
and  is  very  easily  removed :  it  is  of  a  pale  amber  colour,  and  in  that  state  large 
quantities  are  sold ;  sometimes,  however,  it  is  reduced  to  powder,  and  this  is 
done  in  a  grist  mill  of  the  ordinary  kind. 

This  method  is  essentially  different  from  the  German  mode,  described  by 
Mr.  Vivian,  Cornwall  Greo.  Trans,  i.  p.  61. 

All  attempts  to  prepare  orpiment  and  realgar  here  have  been  fruitless ;  and 
experiments  on  the  extraction  of  arsenic,  directly  from  the  arsenical  pyrites, 
have  been,  in  point  of  economy,  equally  unsuccessful. 

It  is  not  easy  to  ascertain  the  quantity  of  arsenic  manufactured  in  Cornwall : 
in  1826,  83  tons  were  shipped  at  Penryn  (Cornwall  Geo.  Trans,  lu.  p.  360): 
at  present  I  believe  not  less  than  from  600  to  800  tons  are  prepared  annually} 
and  this  from  substances  which  30  years  since  were  thrown  away  as  nseless. 
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Arseniate  of  lead  has  been  found  finely  crystal- 
in  Wheal  Unity;  uranite  in  Wheal  Butler 
and  Carharrack;  fluor  in  Wheal  Unity  Wood, 
Poldice,  Wheal  Gorland,  &c.;  mineral  pitch  in 
Treskerhy,  and  East  Wheal  Damsel;  and  in  other 
of  the  mines^  many  rare  and  curious  minerals. 

Wheal  Duller  and  Wheal  Deauchamp  are  worked 
in  a  patch  of  slate^  having  granite  both  on  the  east 
and  west^  and  the  ore  in  the  lodes  has  little  or  no 
prevailing  dip :  all  the  other  mines  in  the  district 
are,  however,  on  the  east  of  the  granite,  and  the 
shoots  of  ore  are  all  inclined  towards  the  east.  It 
is,  moreover,  not  unworthy  of  remark,  that  the 
mines  in  the  south  part  of  the  district  have  hitherto 
been  found  productive  at  greater  depths  than  those 
on  the  north ;  and  in  this  respect  a  sort  of  gradation 
seems  to  prevail  from  Wheal  Towan,  and  the  other 
mines  on  the  borders  of  the  Bristol  Channel  in  the 
Saint  Agnes  district,  through  North  Downs,  Wheal 
Unity,  and  Poldice,  to  the  Consolidated  and  United 
Mines  on  the  southern  boundary  of  the  tract. 

The  occurrence  of  the  richer  portions  of  parallel 
lodes  on  the  same  meridian*  has  been  long  known 
and  acted  on ;  and,  indeed,  seems  to  have  been  first 
recognized  in  this  district 

*  ^^  It  is  common]  J  belicTcd  that  wherever  a  lode  is  rich,  if  there  be  another 
"  lode  near  it,  having  neariy  the  same  direction,  and  in  the  same  cotuUry^  whe- 
^  ther  killas  or  grooan,  or  even  in  an  elvan -coarse,  it  is  probable  that  the  second 
^^  lode  will  be  foand  rich  in  that  part  which  is  opposite  to  the  rich  part  of  the 
"  first  lode.  This  is  not  a  new  doctrine  :  the  phrase  ore  agaimsi  ore  is  probably 
"  of  earlier  dale  than  the  present  generation  of  miners." 

Mr.  Carxe,  ConttaiU  Geo.  Trans,  ui.  p.  78. 

o2* 
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The  mines  of  this  neighbourhood  are  not  only  the 
most  extensive*  and  productivef  in  the  county,  but 
they  are  also  the  deepest^  and  the  machinery  em- 
ployed on  them  is  of  the  most  powerful  description : 
and  as  all  the  water  is  drawn  up  by  steam-engines, 
it  is  an  important  object  to  discharge  it  from  the 

*  It  appears  that  in  the  Cofuolidated  Mines  alone,  within  20  years  (ending 
Jane,  1888),  about  87,830  fathoms  have  been  driven  horizontally,  and  about 
18,000  fathoms  sunk  in  toinzes  and  shafts ;  being  a  total  of  nearly  sixty-three 
mUes,  Mr.  Taylor's  ^'  Reply  to  Observ ations  on  the  Statement  of  the  Committee 
of  the  Consolidated  Mines  Adventurers"  (1838) ;  printed  for  private  distribution. 

t  "  The  (Consolidated)  Mines  commenced  working  in  June  1819,  and  at  the 
«  end  of  1837  the  account  exhibited  the  following  results: — 

'*  Quantity  of  ore  raised  and  sold          —  —        —  259,420  Tons 

"  The  value  of  which  was           —        —  —        —  £  1,845,326 

«  Paid  to  the  Lords  (of  the  land)  as  dues  —        —  £      76,888 

"  Cost  of  working  the  mines       —        —  —        —  £1,450,836 

''  Of  which  was  paid  for  labour  only      —  —        —  £    758,590 

<^  And  the  profit  paid  to  the  adventurers,  besides  the     )  ^  n^aa  aaa  '> 

"  return  of  their  capital  (£65,000)         —        —     J  *  a«,uw. 

Statement  qf  the  Committee  qf  the  Consolidated  Mines  AdvenJtwrers^  p.  6. 

I  am  favoured  with  the  following  abstract  of  the  proceeds  and  costs  on  the 
working  of  Tresavean : — 

value  of  ore..        Due,p.ld.heL.M.       %,^^'     "^'iS^SS^r^ 

£  8.    d.  £         8.      d,             £         M,  d,              £  t,  d, 

1828.  —     17,456  5     3  —  872  15     8  —  12,240  10  1  —    4,320  0  0 

1829.  —    25,813  18     8  —  1,290  13     6  —  14,518  16  0  —  10,336  0  0 

1830.  —    41,162  8    6  —  2,063    2     7  —  22,135     7  4-—  16,800  0  0 

1831.  — -     57,732  6  11  —  2,891     5     9  —  26,009  14  1  —  28,520  0  0 

1832.  —    75,380  12  11  —  3,769     9  11  —  32,124  10  8  —  88,880  0  0 
1833.—  104,396  9  11  —  5,220  14     2  —  31,375  18  1  —  60,480  0  0 

1834.  —  90,132  13  6  —  4,563  14  8  —  39,433     8  8  —  47,040  0  0 

1835.  —  74,354     0  8  —  3,771  10  0  —  39,005     5  1  —  29,760  0  0 

1836.  —  93,428     8  9  —  4,747  10  1  —  43,661  17  10  —  48,000  0  0 

1837.  —  79,794  18  3  —  4,057  2  8  —  39,041  18  0  —  82,640  0  0 

toOct  I     ^fi^^  16    6  —  3,083     9     1  —  29,656    7     8  —  31,680     0     0 

£720,338  9  10  £36,331  8  1  £326,203  7  8  £848,456*  0  0 
There  has  also  been  a  great  addition  to  the  machinery  on  the  mine. 
X  The  Consolidated  Mines  are  nearly  300  fathoms  deep,  and  the  mere  labour 
of  ascent  and  descent  is  very  great :  many  machines  have  been  devised  for 
raising  and  lowering  the  workmen  (See  Reports  of  the  Royal  Cornwall  Poly- 
technic Society,  1834,  pp.  35-42,  fig.  5-6-7-8-11-12-13-14 ;  1835,  pp.  112-113, 
PI.  IV,  fig.  2 ;  1836,  p.  57 ;  1837,  p.  63,  PI.  i.  fig.  1.),  as  in  the  Coal  Mines  in 
the  north  of  England,  and  in  the  German  Mines ;  but  nothing  has  yet  been 
adopted. 

The  ladders  are  very  irregular  in  position  and  inclination,  and  the  distance 
t)etween  the  ladder-staves  has  hitherto  always  been  12  inches.    At  Tresavean, 
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pump-head  at  the  lowest  possible  level.  This  is 
attained  by  means  of  an  adit*  which  empties  itself 
into  Carnon  Valley  a  little  above  the  high-water 

however,  an  experiment  which  cannot  be  too  widely  known  has  lately  been  tried 
with  complete  success.  The  ladders  are  there  placed  at  an  uniform  angle  of 
75^,  and  with  bars  1 0  inches  apart.  By  this  alteration  old  men ,  who  had  given 
up  working  in  the  deeper  parts  of  the  mine,  are  enabled  to  return  to  work  there, 
and  to  ascend  and  descend  without  the  least  inconvenience. 

*  Mr.  Williams  (late  of  Scorrier  House,  now  of  Sand  Hill),  informs  me  that 
this  unrivalled  undertaking  was  projected  by  his  Grandfather,  who  was  then 
manager  of  Poldice.  It  was  commenced  near  Bissoe-bridge  in  1748,  and  was 
extended  to  the  western  boundary  of  Poldice  in  considerably  less  than  20  years ; 
and  the  expense  of  this  portion  of  it  was  defrayed  by  the  adventurers  in  that 
mine.  It  has  been  subsequently  driven  to  the  other  mines  which  it  now  un- 
waters. 

^'  This  adit  discharges  its  waters  in  the  valley  near  Wheal  Friendship  and 
"  Nangiles,  and  extends  to  mines  which  are  as  much  as  four  miles  in  horizontal 
^^  distance  from  its  mouth.  Its  course  upwards  from  the  adit  mouth  is  through 
^'  the  valley  by  Twelveheads  to  Hayle  Mills.  From  this  line  branches  go  to 
"  Wheal  Friendship  and  Wheal  Fortune. 

*^  From  Hayle  Mills  go  two  principal  lines :  one  of  them  through  Wheal 
"  Virgin  to  West  Wheal  Virgin,  Wheal  Maid,  and  Carharack ;  from  West 
"  Wheal  Virgin  to  the  United  Mines,  Wheal  Squire,  and  Ting  Tang.  From 
"  the  United  Mines  one  branch  goes  to  South  Ale  and  Cakes,  and  another  to 
"  East  Ale  and  Cakes. 

"  The  other  line  from  Hayle  Mills  goes  north-west  through  the  valley  to  the 
"  eastern  part  of  Poldice  Mine,  where  it  again  divides  into  two  principal  lines, 
"  One  of  these  goes  through  Poldice  Mine  westward  to  Wheal  Quick,  Wheal 
"  Jewel,  Wheal  Damsel,  and  Wheal  Hope.  From  Wheal  Jewel  a  branch  goes 
"  by  the  Great  Cross-course  to  Tolcarne  Mine,  Roslabby,  and  Wheal  Pink, 
"  From  Wheal  Quick  a  branch  goes  through  Wheal  Gorland,  and  is  extending 
*'  towards  Wheal  Clinton.  From  the  middle  of  Poldice  Mine  a  branch  goes 
"  northward  through  Wheal  Unity  to  Wheal  Union.  From  the  east  part  of 
"  Poldice  Mine  a  branch  goes  to  the  east  part  of  Wheal  Unity  and  into 
"  Creegbraws  Mine. 

"  The  other  principal  line  from  the  eastern  part  of  Poldice  Mine,  goes  north - 
"  ward  through  Creegbraws  to  Chasewater  Mine,  and  from  thence  westward 
"  through  East  Wheal  Chance,  Halbeagle,  Wheal  Rose,  Wheal  Hawke,  Wheal 
"  Messer,  Wheal  Peever,  Good  Success,  and  Wheal  Maria.  From  East  Wheal 
"  Chance  a  branch  goes  to  Scorrier  Mine.  From  Halbeagle  a  branch  to  East 
"  Downs  Mine.  From  Wheal  Hawke  a  branch  to  Briggan,  and  northwards 
"  from  that  mine  towards  Wheal  Barberry.  From  Wheal  Hawke  a  branch  to 
"  South  Wheal  Hawke,  Wheal  Chance,  Treskerby,  and  Wheal  Boys.  From 
"  Wheal  Peever  a  branch  to  Wheal  Prussia,  Cardrew  Mine,  and  Wheal  Derrick. 

"  The  length  of  the  adit,  with  the  various  branches,  of  which  a  description 
'^  has  been  obtained,  amounts  to  about  26,000  fathoms,  nearly  30  miles ;  and 
**  the  greatest  length  to  which  any  branch  appears  to  have  been  extended  from 
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mark,  and  into  which  the  water  runs  from  Cardrew 
Doums,  North  Downs,  Tresherby,  Wheal  Chance^ 
Chasewater  Mine,  Creeg-braws,  Wheal  Pink,  Wheal 
Unity  Wood,  Wheal  Unity,  Poldice,  Wheal  Jewel, 
Wheal  Damsel,  Wheal  Maid,  Carharrach,  Ting 
Tang,  Wheal  Squire,  The  United,  Consolidated,  and 
Union  Mines,  &c. 

This  adit,  together  with  its  many  ramifications, 
extends  between  30  and  40  miles  in  length.  In  the 
more  elevated  parts  of  the  district  it  is  60  or  70 
fathoms  deep ;  but  its  average  depth  may  be  from 
20  to  30  fathoms ;  and  the  diminution  in  the  expense 
of  draining  the  mines,  is,  of  course,  in  proportion  to 
the  depth  of  the  adit. 

The  narrow  valleys  of  the  district  have  been  all 
streamed  for  tin  ore  at  various  periods,  and  in  the 
Carnon  Valley  very  large  quantities  of  it  have  been 
found.*  At  present  it  is  worked  beneath  the  sea  in 
Restronguet-creek  by  means  of  a  shaft  on  the  main- 
land, and  a  level  thence  beneath  the  bed  of  the 
estuary.  At  high-water,  vessels  of  considerable 
tonnage  sail  over  the  heads  of  the  labourers  whilst 
at  their  work. 


<<  the  adit  mouth  is  at  Cardrew  Mine,  which  is  aboat  4,800  fathomi,  nearly  5| 
<^  miles.  The  highest  ground  it  has  penetrated  is  at  Wheal  Hope,  where  the 
"  adit  is  70  fathoms  deep  at  Chilcot's  Shaft,  and  is  deeper  in  the  branches  ex- 
'<  tended  from  thence/'      Mr.  Thomas,  Report,  p.  28. 

Mr.  Wm.  Phillips,  Geo.  Trans.  o.s.  in.  p.  130.  Mr.  Burr,  Mining  Review, 
No.  VI.  (January,  1832)  p.  207. 

*  ''  I  have  been  told,  that  about  70  years  back,  the  low  lands  and  sands  under 
^'  Perran  Ar  Worthall,  which  are  covered  almost  every  tide  with  the  sea,  have 
"  on  its  going  off^  employed  some  hundreds  of  poor  men,  women  and  children 
'^  washing  the  tin  ore  out  of  them.''       Ma.  Pryce,  Mineral*  Cammb,  p.  136. 
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This  tin-ground  chiefly  consists  of  very  large  peb- 
bles, and  reposes  on  the  slate  rock  (shelf) ;  is  again 
covered  by  a  layer  of  vegetable  matter  mixed  with 
a  few  animal  remains,  &c.,  as  well  as  by  several  al- 
ternating layers  of  sand,  shells,  silt,  &c.* 

As  the  mining  operations  below  have  been  so 
considerable,  the  surface  of  the  district  is  covered 
with  rubbish,  and  its  general  aspect  is  most  barren 
and    uninviting. f      Still  the   almost    innumerable 

*  Dr.  Berger,  Geo.  Trans,  o.s.  i.  p,  162.  Mr.  Smith,  Ibid,  iy.  p.  409. 
Professor  Sedgwick,  Annals  of  Philosophy  (1825),  ix.  p.  249.  A  Paper  of 
my  own,  Cornwall  Geo,  Trans,  it.  p.  58. 

i  "  To  one  unaccustomed  to  a  mining  country,  the  view  from  Cairn  Marth* 
''  which  is  a  rocky  eminence  of  seven  hundred  and  fifty-seven  feet,  is  full  of 
''  novelty.  Over  a  surface,  neither  mountainous  nor  flat,  bat  diversified  from 
'^  sea  to  sea  by  a  constant  series  of  low  undulating  hills  and  vales,  the  farmer 
<<  and  the  miner  seem  to  be  occupying  the  country  in  something  like  the  confu- 
^'  sion  of  warfare.  The  situations  of  the  Consolidated  Mines,  the  United 
^'  Mines,  the  Poldice  Mine,  &c.,  &c.,  are  marked  out  by  spots  a  mile  in  length, 
^'  by  half  a  mile  in  breadth,  covered  with  what  are  termed  '  the  deads '  of  the 
^'  mine — t.  e.,  slaty  poisonous  rubbish,  thrown  up  in  rugged  heaps,  which,  at  a 
^^  distance,  give  the  place  the  appearance  of  an  encampment  of  soldiers'  tents. 
"  This  lifeless  mass  follows  the  course  of  the  main  lode  (which,  as  has  been 
"  said,  generally  runs  east  and  west) ;  and  from  it,  in  different  directions,  minor 
'^  branches  of  the  same  barren  rubbish  diverge  through  the  fertile  country,  like 
'^  the  streams  of  lava  from  a  volcano.  The  miner  being  obliged  to  have  a  shaft 
"  for  air  at  every  hundred  yards,  and  the  stannary  laws  allowing  him  freely  to 
"  pursue  his  game,  his  hidden  path  is  commonly  to  be  traced  by  a  series  of 
"  heaps  of  *  deads,'  which  rise  up  among  the  green  fields,  and  among  the 
"  grazing  cattle,  like  the  workings  of  a  mole.  Steam-engines,  and  whims, 
"  (large  capstans  worked  by  two  or  four  horses,)  are  scattered  about ;  and  in 
*'  the  neighbourhood  of  the  old,  as  well  as  of  the  new  workings,  are  sprinkled, 
"  one  by  one,  a  number  of  small  whitewashed  miners'  cottages,  which,  being 
''  neither  on  a  road,  nor  near  a  road,  wear,  to  the  eye  of  the  stranger,  the  ap- 
"  pearance  of  having  been  dropt  down  d-propos  to  nothing.    ♦    ♦    *    ♦    * 

^*  Early  in  the  morning  the  scene  becomes  animated.  From  the  scattered 
'^  cottages,  as  far  as  the  eye  can  reach,  men,  women,  and  children  of  all  ages 
'^  begin  to  creep  out ;  and  it  is  curious  to  observe  them  all  converging  like  bees 
"  towards  the  small  hole  at  which  they  are  to  enter  their  mine.  On  their  ar- 
*'  arrival,  the  women  and  children,  whose  duty  it  is  to  dress  or  clean  the  ore, 
"  repair  to  the  rough  sheds  under  which  they  work,  while  the  men,  having 
^^  stripped  and  put  on  their  underground  clothes,  (which  are  coarse  flannel 
"  dresses,)  one  after  another  descend  the  several  shafts  of  the  mine,  by  perpen- 
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cottages  of  the  miners  diversify  and  enliven  its 
appearance,  and  in  some  spots  small  garden-plots 
have,  by  almost  incredible  labour,  been  cleared.* 

The  outskirts  of  the  mining  tract  are,  however, 
in  some  places  well  cultivated ;  and  the  thriving 
plantations  of  Scorrier,  TreguUow,  Trevince,  and 
Burncoose,  acquire  ten-fold  beauty  by  their  contrast 
with  the  adjacent  waste  covered  with  stunted  heath 
and  '*  poisonous  rubbish." 

'*  dicular  ladders,  to  their  respective  levels  or  galleries.  As  soon  as  they  have 
*'  all  disappeared,  a  most  remarkable  stillness  prevails — scarcely  a  human  being 
'<  is  to  be  seen.  The  tall  chimneys  of  the  steam-engines  emit  no  smoke ;  and 
''  nothing  is  in  motion  but  the  great  *  bobs '  or  levers  of  these  gigantic  machines. 

"  As  soon  as  the  men  come  to  grass  they  repair  to  the  engine-house,  where 
**  they  generally  leave  their  underground  clothes  to  dry,  wash  themselves  in  the 
<'  warm  water  of  the  engine-pool,  and  put  on  their  clothes,  which  are  always 
"  exceedingly  decent.  By  this  time  the  maidens  and  little  boys  have  also 
"  washed  their  faces,  and  the  whole  party  migrate  across  the  fields  in  groups,  and 
<'  in  different  directions,  to  their  respective  homes.  Generally  speaking,  they 
''  now  look  so  clean  and  fresh,  and  seem  so  happy,  that  one  would  scarcely  fancy 
'^  they  had  worked  all  day  in  darkness  and  confinement.  The  old  men,  how- 
*'  ever,  tired  with  their  work,  and  sick  of  the  follies  and  vagaries  of  the  outside 
'*  and  the  inside  of  this  mining  world,  plod  their  way  in  sober  silence — proba- 
^  bly  thinking  of  their  supper.  The  younger  men  proceed  talking  and  laughing, 
<'  and  where  the  grass  is  good  they  will  sometimes  stop  and  wrestle.  The  big 
«  boys  generally  advance  by  playing  at  leap-frog ;  little  urchins  run  on  before 
'*  to  gain  time  to  stand  npon  their  heads ;  while  the  '  maidens/  sometimes 
"  pleased  and  sometimes  offended  with  what  happens,  smile  or  scream  as  cir- 
*'  cumstances  way  require.  As  the  different  luembers  of  the  group  approach 
"  their  respective  cottages,  their  numbers  of  course  diminish,  and  the  individual 
"  who  lives  farthest  from  the  mines,  like  the  solitary  survivor  of  a  large  family, 
*'  performs  the  last  few  yards  of  his  journey  by  himself.'^ 

Sir  F.  Bond  Head  Bart.,  Quar.  Review,  xxxvi.  (June,  1827),  pp.  81—82-89. 

*  <'  The  quantity  of  inclosed  ground  that  has  been  destroyed  in  the  whole  of 
'*  this  district  does  not  appear  to  be  more  than  150  acres.  *  *  *  *  Thou- 
'*  sands  of  acres  of  downs,  commons,  and  wastes  have  been  enclosed  and 
**  improved  and  are  continually  enclosing  by  the  miners.  «  ♦  •  •  Two  or 
''  three  thousand  tons  (of  stone)  per  acre  are  thus  removed  from  some  spots 
<*  before  the  ground  is  cleared."    Mr.  Thomas,  Report,  pp.  14-15. 
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isAINT  AGNES  AND  PBRRAN-ZABUIXIB  DISTRICT^ 

iMonded  on  the  west  by  the  parish  of  lUogan, 
0  north  by  the  Bristol  Channel^  on  the  east  by 
jiaginary  line  drawn  from  the  sea  at  Penhale  ta 
b  a  mile  inland,  and  on  the  south  by  another 
line  nearly  parallel  to  the  coast. 
l€re  is  a  small  patch  of  granite  at  Cligger-pohit^. 
lie  principal  rock  is  slate,  which  is  more  or  lesa 
jpeous,  even  at  considerable  distances  from  the 
Lte ;  but  still  further  from  it  gradually  becomes 
^teous,  until  at  Newquay,  beyond  this  district, 
Bfeains  extensive  beds  of  limestone,  in  the  vicinity 
Uch  the  slate  rocks  contain  corallines,  encrinites, 
other  organic  remains.  Ehan>^ourses  are  nu- 
HDs  throughout  the  district,  and  there  are  some 
utoi  in  the  calcareous  tracts  also^ 
be  granite  of  Cligger  is  of  the  ordinary  kind,* 

The  extreme  point  of  the  headland,  which  is  several  handred  yards  from 
termination  of  the  killas,  very  nearly  resembles  the  common  granite  of 
x>unty :  but  the  intermediate  parts,  which  are  divided  by  innumerable 
llel  fissures,  exhibit  such  varied  modes  of  aggregation,  and  are  frequently 
eh  a  state  of  disintegration,  that  it  is  difficult  to  convey  a  correct  idea  of 
1  by  description.  They  are  chiefly  composed  of  quartz,  sometimes  dls- 
ly  crystallized,  felspar,  mica,  and  chlorite,  in  every  variety  of  combina- 
:  and  they  are  often  porphyritic.  We  have  remarked  one  unusual 
hyritic  mass,  composed  of  crystals  of  felspar  imbedded  in  earthly 
ite. 

le  parallel  fissures  are  metalliferous ;  and  the  operationar  of  mining  have 

conducted  in  them  to  such  an  extent,  that  some  parts  of  the  rock  are  as 

as  a  honey -comb.    These  veins  abound  in  the  ores  of  tin,  and  present 

i  traces  of  the  ores  of  copper.    Wolfram,  and  some  other  metalliferous 

!rals,  are  also  very  generally  found  in  them," 

Professor  Sedgwick,  Cambridge  Phil.  Trans,  i.  p.p.  181-2. 
t  Cligga  Point  the  felspar  rocks  are  succeeded  by  a  large  mass  of  granite, 
is,  of  a  crystalline  rock,  composed  of  felspar,  quartz,  and  mica,  like  the 
ite  of  the  central  groups :  it  also  contains  large  porphyritic  crystals  of 
ar,  both  red  and  white."    Dr.  Boase,  Cornwall  Geo,  TVans.  iv.  p.  303^ 

)L.  V.  P 
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in  some  places  rather  inclining  to  coarse  grained. 
It  consists  of  felspar^  quartz,  and  mica,  with  numer- 
ous porphyritic  crystals  both  of  pink  and  white 
felspar.  Where  it  has  been  long  exposed  to  the 
action  of  the  weather  the  basis  is  decomposed,  and 
the  crystals  of  felspar  stand  out  in  strong  relief. 

The  point  is  a  bold  and  inaccessible  cliff,  but  a 
little  south  of  it  there  is  a  rugged  and  difficult  path 
leading  to  the  beach.  The  whole  of  this  portion, 
and  the  rocks  for  some  distance  southward,  are  good 
examples  of  the  jointed  structure  of  granite.  The 
principal  series  of  joints  bears  about  20^  S.  of  W., 
whilst  a  second  ranges  about  N.  and  S. :  but  the 
cliff  section  exhibits  the  first  to  the  greatest  advan- 
tage. The  beds  of  granite  all  dip  towards  the  north,* 
are  very  thin,  and  in  some  parts  so  quartzose,  and  so 
intersected  by  veins  of  quartz,  that  it  is  not  always 
easy  to  distinguish  the  rock  and  the  veins  from  each 
other,  especially  as  the  whole  is  more  or  less  metal- 
liferous. The  cliff  is  pierced  everywhere  and  in  all 
directions  by  the  excavations  which  have  been  made, 
chiefly  in  search  of  tin  ;  wolfram  is  also  very  abun- 
dant,f  and  there  are  traces  of  copper  and  iron  pyrites. 


''At  Cligger  Head,  near  the  northern  extremity  of  the  district,  is  also  a  small 
"  formation  of  granite  occupying  about  ten  acres  of  the  outer  part  of  the  pro- 
'<  montory."    Mr,  Thomas,  Mining  Review,  No.  viii.  (1836)  p.  265. 

«  «  Numberless  veins  of  granite  here  intersect  the  granite  itself;  the  granite 
'*  in  both  walls  of  each  is  harder  and  more  quartzose  than  the  other ;  these 
'*  veins  run  very  parallel,  and  dip  all  to  the  north ;  they  give  a  stratified  ap- 
''  pearance  to  the  rock.  Quartz  yeins  like  these  occur  very  frequently  here  in 
'<  the  granite."  M.  M.  von  Geynhausen  and  von  Dbchbn,  PhU,  Mag»  a»A 
AnnaUy  v.  (1829)  p.  169. 

t  Theactionof  theseasapsthebaseof  the  clifi*,  and  large  portions  of  it  fiiUalmoM 
every  v^ inter.    These  are  rapidly  disintegrated  by  the  wares,  and  a  few  persons 
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The  beds  of  granite  are  often  more  quartzose  towards 
the  bounding  planes  than  they  are  in  the  centre^  and 
they^  as  well  as  the  veins,  frequently  intersect  on  the 
line  of  their  dip^  and  produce  the  displacements 
provincially  called  leaps,  slides,  or  throws. 

They  are  all  intersected  by  minute  veins  of  quartz 
bearing  N.  and  S.,  one  of  which  I  observed  to  heave 
the  beds  of  granite,  as  well  as  the  E.  and  W.  quartz 
veins. 

Southward,  the  constituents  of  the  rock  undergo 
a  change,  until  the  mica  is  gradually  replaced  by 
chlorite^  and  here  the  felspar  is  often  of  a  brick-red 
colour :  the  joints  are  also  less  numerous,  and  the 
mining  excavations  in  the  clifif  fewer. 

Towards  the  most  southern  part  of  Hanover  Cove, 
at  Cligger  south  mill,  another  opportunity  offers  for 
reaching  the  sea  side ;  here  the  rock  assumes  a  coarse 
grained  porphyritic  structure,  and  contains  a  few 
large  lumps  oi  crystallized  talc :  in  many  places  the 
felspar  decomposes  into  a  chinorclay.  One  series  of 
joints  still  continues  to  dip  northward,  but  a  second 
inclines  in  a  contrary  direction,  and  from  their 
interference  arises  the  apparently  curved  structure 
of  the  rock  which  is  so  very  conspicuous.* 

earn  a  scanty  livelihood  by  picking  up  the  particles  of  tin  ore  from  the  beach  ; 
which  are  temporarily  taken  to  an  excavation  in  a  large  rock,  sarrovndecl  by 
the  sea  at  high-water.  Here  the  labourers  retire  during  that  time  of  the  tide  ; 
and,  whilst  unable  to  continue  their  pursuit  on  the  shore,  they  occupy  them- 
selves in  washing  and  dressing  the  ore  which  they  have  collected,  wMh  w^ter 
drawn  from  the  sea. 

*  "  In  one  portion  of  the  headland,  the  parallel  beds  are  slightly  deflected, 
'^  and  soon  afterwards  succeeded  by  a  mass  so  violently  contorted,  that  all  its 
"  subordinate  beds  are  convex  to  the  horizon,"  ^ 

Professor  Seikjwiok,  Cambridge  Pkil,  Trans,  i.  p.  152. 

p2 
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The  junction  of  the  slate  with  the  granite  is  seen 
in  many  places  near  the  point  to  the  norths  and  with 
the  porphyritic  felspar  rock  which  succeeds  the 
granite  in  Hanover  Cove  to  the  south. 

The  succession  of  the  beds  near  the  northern 
junction  is  different  at  not  very  distant  points. 

Westward,  the  ascending  order  exposed  in  the 
cliff  is  as  follows : — 

1 .  Granite        —        —        —    about  60  feet. 

2.  Massive  felspar  rock,  with  some  50  feet. 

mica  and  a  little  quartz, 

3.  Granite,      —        —        —  10  feet. 

4.  Felspar  rock,  like  No.  2,  travers- 

ed by  numerous  small  veins 

of  granite.  30  feet. 

5.  Granite,  largely  quarried  for  building,  forms 

the  highest  point  of  the  cliff. 
But  a  short  distance  eastward,  the  cliff  section 
exhibits,  again  in  the  order  of  succession  i" — 

1.  Massive  felspar  rock,  containing  mica  and 

quartz. 

2.  Granite. 

3.  Felspar  rock,  like  No.  1. 

4.  Granite ;  a  bed  or  vein,      —      6  feet  thick. 

5.  Felspar  slate,  —        —      6  feet    — 

6.  Granite,        _        _        _    20  feet    — 

7.  Felspar  slate,  —      40  or  50  feet    — 

8.  Granite;    the  quarry.  No.  5,  of  the  first 

section. 
The  line  of  contact  between  the  main  masses  is 
nearly  vertical,  though  slightly  inclining  towards  the 
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west;  and,  horizontally,  the  junction  bears  about 
S.E.  and  N.W.  There  are,  however,  numerous  in- 
dentations, and  these,  as  exhibited  in  the  preceding 
sections,  are  larger,more  numerous,  and  morestrongly 
marked  than  usual.  Yet,  on  the  whole,  the  junction 
at  the  Point  seems  to  indicate,  pretty  clearly,  that 
the  granite  rests  in  a  very  highly-inclined  line  on  the 
slate.* 

Near  the  Point  the  slate  is  chiefly  composed  of 
a  laminated  schorl-rock,  consisting  of  felspar  and 
schorl  in  alternating  layers.  But  still  further  east  it 
alternates  with  a  greenish  grey  slate,  the  cleavage 
dipping  south.  Several  lodes,  bearing  about  20° 
S.  of  W.,  have  been  worked  to  considerable  depths.f 

In  Hanover  Cove  the  junction  of  the  slate  with 
the  porphyritic  felspar-rock,  into  which  the  granite 
passes,  to  the  south,  is  well  exposed  for  some  ex- 
tent; as  the  angle  at  which  the  latter  declines  is 
inconsiderable.  The  line  of  junction  is  here  very 
irregular,  as  the  porphyry  sometimes  disappears 
beneath  the  beach,  and  at  others  rises  10  or  15  feet 
in  the  cliff,  throwing  off  veins,  bunches,  and  other 


*  ^'  The  separation  of  the  granite  mass  at  Cligga  Point  from  the  killas,  is 
<<  neither  parallel  to  the  fissures  in  the  one  nor  to  the  great  cleavage  of  the  other ; 
"  but  may  be  represented  by  a  very  irregular  superficies,  which  is,  on  the  whole, 
"  nearly  perpendicular  to  the  horizon," 

Professor  Sedgwick,  Cambridge  Phil,  Trans,  i.  p,  132, 

f  ''  A  very  well  characterized  killas  is  to  be  seen  on  the  eastern  side  of 
"  Cligga  Point ;  it  is  of  a  grey  and  greenish  colour,  sometimes  with  little  red 
<*  spots  like  the  clay  slate  in  the  neighbourhood  of  Viel-salm  in  the  Ardennes. 
'*  Several  tin  lodes  have  been  worked  here ;  they  run  east  and  west,  dipping  to 
**  the  north,  but  nearly  perpendicular.  Wolfram  is  found  very  frequently  on 
"  the  old  heaps,  and  alittle  yellow  copper  and  tin  ore."  M.  M.  von  Oeyn- 
HAUSEN  AND  VON  Dechen,  Phil,  Mag,  and  Annals,  v.  (1829)  p.  1C9. 
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irregular  ramifications  into  the  slate,  and  frequently 
enveloping  large  masses  of  it ;  whilst,  on  the  other 
hand,  many  large  lumps  of  the  porphyry  have  no 
visible  connexion  with  the  main  body,  but  appear  to 
be  entirely  enclosed  in  the  slate. 

Near  this  junction  the  porphyry  is,  in  general,  a 
fine  grained  mixture  of  felspar  and  quartz;  but 
occasionally  it  is  coarse,  and  sometimes  contains 
large  crystals  of  felspar,  and  masses  of  crystallized 
mica,  and  schorl.  Some  of  the  beds  are  very  much 
decomposed,  but  others  are  but  little  affected  by 
weathering.  It  is  traversed  by  several  small  veins 
of  quartz,  bearing  about  N.  and  S.,  but  the  joints  of 
the  rock  pass  through  them  without  interruption. 

The  slate  in  the  vicinity,  for  the  most  part,  con- 
sists of  felspar  in  large  quantities,  alternating  with 
layers  of  schorl ;  it  is  very  soft,  sometimes  contains 
mica,  and  is  traversed  by  numerous  small  quartz 
veins ;  the  cleavage  dips  towards  the  S.E. 

A  rather  similar  kind  of  slate  abounds  at  Wheal 
Music*  in  the  western  part  of  Wheal  Towan,f  at 
Great  Saint  George,  and  in  Wheal  Leisure ;  it  has, 

*  Wheal  Music  was  worked  on  well  known  lodes  for  many  years  ;  at  length 
these  were  split  into  minute  strings  and  branches,  none  of  which  were,  singly, 
worth  pursuit.  The  whole  rock  was  then  removed  and  the  copper  ores  ex- 
tracted. An  excavation  of  an  irregular  elliptical  fono,  of  abonfc  an  acre  in  area, 
and  twenty-five  fathoms  in  depth,  yet  stands  open  to  the  day.  About  four 
millions  of  cubic  feet  of  stone  must  have  been  removed.  It  closely  resembles 
the  net- work  of  tin- veins  in  granite,  at  Cmrclau,  near  Saint  Aastett, 

f  <'  At  the  south  end  of  this  mine,  the  hill  is  cut  down  by  the  road-side,  and 
'^  exposes  two  kinds  of  rock ;  the  former  is  of  a  light  coloured  and  somewhat 
''  granular  schist,  the  latter  coarsely  lamellar,  haider,  and  apparently  more 
^^  siliceous.''    Dr.  Boasb,  Cornwall  Gee,  Trans,  if,  p.  293, 
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however,  a  bluish  grey  tinge,  and  is  sometimes  a 
little  variegated,  probably  because  the  two  differently 
coloured  minerals  are  in  some  cases  separately 
aggregated,  and  in  others  mixed.  The  joints  are 
numerous,  and  the  cleavage,  though  well  marked,  is 
irregular. 

On  both  sides  of  Forth  Towan  is  a  deep  blue 
slate,  which  dips  S.,  and  is  much  intersected  by  small 
veins  of  quartz.  On  the  western  side,  towards  the 
base  of  the  cliff,  it  alternates  with  thin  beds  of  a 
coarse  grained  arenaceous  slate,*  and,  in  several 
places,  is  incrusted  with  a  thin  calcareous  stalagmite^ 
deposited  from  the  water  percolating  through  it.f 
Southward,  near  South  Wheal  Towan  and  United 
Hills,  the  same  slate  prevails^  the  depth  of  its 
tints  vary,  it  is  often  quartzose,  and,  occasionally^ 
contains  traces  of  chlorite ;  its  dip  is  also  to  the 
south,  but  it  is  frequently  contorted ;  the  joints  bear 
N. and  S. 

Following  the  cliff,  north-eastward,J  the  same 
glossy  blue  slate  prevails,  through  Wheal  Charlotte, 
as  far  as  Forth  Chapel, — a  small  cove  at  the  extrem- 
ity of  a  long  narrow  gully,  between  very  steep  hills. 
On  the  N.E.  side  of  this  a  greenish  brown  quartzose 
slate  rises  into  a  small  but  picturesque  cairn :  beyond. 


*  Some  of  the  spots,  I  suspect,  may  be  obscure  traces  of  organic  remains. 

t  Whether  the  lime  may  be  derived  from  the  rock,  or  from  the  sandy  soil  by 
which  it  is  covered,  is  rather  difficult  to  say. 

t  *'  In  the  cliff  a  little  north  of  Forth  Towan,  a  curious  vein  of  slate  tra- 
*'  verses  the  killas  ground  ;  this  vein  is  bent,  *  *  *  is  about  ten  feet  wide, 
**  and  fifty  feet  high  *  *  * .  The  strata  of  the  vein  throughout  are  parallel 
^'  to  its  inclination,  the  strata  of  the  surrounding  ground  are  nearly  horizontal." 

Mk.  Thomas,  Mining  RevieWy  No.  viii.  (1836)  p.  274. 
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in  the  direction  of  Wheal  Coates,  the  cliflF  is  ap- 
proached with  difficulty,  on  account  of  the  steep 
slope  of  the  hill,  and  the  road  has  been  cut,  for 
several  feet  deep,  through  a  dark  brown  decomposed 
slate,  still,  probably,  in  situ,  as  its  fragments  have  a 
regular  position,  and  incline  to  the  south.  A  similar 
rock  appears  for  some  extent  in  the  cliff  at  Wheal 
Coates,  and  a  large  lode,  bearing  about  E.  and  W., 
dipping  S.,  and  principally  composed  of  oxide  of 
iron  and  ferruginous  quartz,  has  here  been  worked. 
An  elvan-course,  having  the  same  direction  and  dip, 
lies  on  the  lode :  it  is  about  8  or  10  feet  wide,  and  is 
composed  of  felspar  and  quartz. 

As  the  coast  trends  to  the  northward  this  is  suc- 
ceeded by  a  reddish  brown  and  somewhat  variegated 
slate,  very  coarse  grained  and  apparently  decom- 
posed, which  extends  far  up  the  side  of  Saint  Agnes 
Beacon  Hill,  and,  in  some  places,  alternates  with  a 
blackish  brown  compact  rock.  At  Wheal  Coates 
there  is  a  very  large  mass  of  a  coarse  grained 
granitic  rock,  containing  many  porphyritic  crystals 
of  felspar ;  its  relations  are  obscure,  and  I  am 
unacquainted  with  its  extent.*  In  some  places  it  is 
very  schorlaceous,  and  in  others  it  abounds  in  de- 
composed felspar,  producing  a  chinorclay  of  inferior 
quality. 

*  ''  Od  the  west  side  of  the  beacon  occurs  a  quartzose  rock  like  that  near 
*^  Cligga  Point;  frequent  pyramids  of  quartz  coyer  the  surface;  clay  is  raised 
^'  from  a  great  many  shallow  pits ;  certainly  the  granite  may  not  be  far  below 
'*  this  place."  M.  M.  yon  Oeynhausen  and  von  Dechbn,  PAt/.  Mag,  and 
AtmaU,  V,  (1829)  p.  170, 

'*  The  beds  of  growan  underlie  a  little  to  the  north,  and  several  parallel  lodes, 
*'  which  are  for  the  most  part  very  small,  run  through  them  »   *   *   *.    But 


its  ^  Cornwall  and  Devon.  101 


The  slate,  whidi  is  usually  reddish  brown,  here 
and  there  becomes  brick  red^  and  ia  often  micaoeou& 
It  extends  round  the  point  of  Cairn  Gowla,  (where 
it  ifi  intersected  by  an  elvathcouree'^ )  almost  to  IW- 
berrow,  and,  on  the  side  of  the  Beacon  Hill,  it  reaches 
northward  as  far  as  Wheal  Pye.  It,  eyerywhere, 
dips  towards  the  south,  and  its  joints  bear,  respec- 
tively, about  N.E-  and  S,W,,  and  8,E.  an4  N.W. 

A  pale  blue  slate,  of  a  silky  lu9tre,  appears  at 
VolherroWf  (where  an  elvan  course  ip  viyible)  and  is 
traversed  by  numerous  small  tin  yeiiis,f  The  same 
rock  extends  to  Trevau nance,  forming  the  cliffs 
between  that  place  and  Trevellas  Coombe,  and  con- 
taiius  many  small  veins  of  quartz :  several  lodes  and 


*'  Tvhat  is  most  remarkable,  a  great  portion  of  this  rock  consists  of  alternate 
*'  courses  of  hard  and  soft  growan  running  in  an  east  and  west  direction,  *  * 
«  «  «  «  «  *  and  extends  to  a  breadth  of  250  fathoms.  This  (soft)  roc|&  has 
"  been  sunk  through  to  the  depth  of  60  fathoms  «  *  *  ♦,  The  extent  of  the 
"  soft  growan  eastward,  *  *  ♦  *  towards  the  foot  of  the  beacon,  is  about 
*'  350  fathoms."        Mr.  Hawkins,  Cornwall  Geo,  Trans,  iv.  p.p.  141-2. 

*^  At  the  foot  of  the  beacon  is  Wheal  Coates  tin-mine,  situated  in  an  elcariy  a 
'  *  felspar  porphyry,  the  base  of  which  is  granular :  some  parts  of  it  contain 
'*  large  crystals  of  felspar,  and  coarse  transparent  grains  of  quartz,  with  a  few 
"  minute  scales  of  mica ;  and  others  resemble  granite :  as  is  of  very  common 
'^  occurrence  in  the  centre  of  extensive  beds  of  felspar-porphyries.  The  two 
^*  kinds  are  said  to  alternate ;  the  former  is  softer  than  the  latter,  on  account  of 
^*  its  being  extensively  decomposed,  forming  on  a  small  scale  a  bed  of  china- 
^^  clay,  which  is  of  bad  quality,  being  more  or  less  stained  by  metallic  sub- 
'*  stances  :  it  is  employed  as  a  coating  for  the  bottom  of  furnaces.  This  eloan 
"  is  of  considerable  extent."    Dr.  Boase,  Cornwall  Geo*  Trans,  iy.  p.p.  294-5. 

*  Southward  of  that  which  is  seen  in  sitH  I  observed  many  large  scattered 
blocks  of  fine  grained  schorl  and  quartz ;  but  I  could  not  discover  whether 
they  have  been  transported  from  Wheal  Coates,  or  form  part  of  another  elvan  in 
the  cliff. 

t  In  pursuit  of  these  little  tin  veins  the  excavations  have  been  so  numerous 
and  extensive,  that  a  mass  of  rock,  extending  from  the  surface  to  60  fathoms 
deep,  being  unsupported,  is  now  (1838)  slowly  subsiding.  The  portion  thus  in 
motion  is,  perhaps,  60  or  80  fathoms  in  diameter,  and  its  descent,  at  the  rate  of 
G  or  8  feet  in  a  month.  The  miners  still  continue  their  labours  in  the  moving 
mass. 
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cross-amr^e^  also  intersect  it.     The  cleavage  still 
inclines  to  the  south. 

A  similar  rock  continues  all  the  way  to  Hanover 
Cove,  with  little  variation;  except  that^  in  some 
places,  it  is  whiter,  and,  in  others,  bright  red,  from 
decomposition. 

The  action  of  the  waves  has  deeply  indented  the 
coast,  the  sea  is  rapidly  making  inroads  on  the  land, 
and  the  beach  is,  in  many  parts,  covered  with  debris. 

In  several  small  headlands,  thus  produced,  an 
elvan-cour^e,  of  from  6  to  8  fathoms  wide,  dips  to 
the  north. 

Eastward  of  digger  Head,  and  nearly  as  far  as 
Vugh-an-flaunder,  a  mottled  quartzose  slaty  rock 
prevails  near  the  coast;  it  generally  dips  to  the 
south,  but  is  much  curved,  and  often  disposed  in 
alternating  laminse  of  black  and  white.  Inland  a 
pale  grey  and  soft  slate  occurs ;  and  this,  passing 
from  a  pale  buff  into  a  light  blue,  continues  to 
Perran  Perth,  where  it  forms  the  cliffs  on  both  sides, 
rising  through  the  sand  in  several  places,  and  com- 
posing the  promontory  of  Penhale,  and  Carter's 
gull-rock.  The  joints,  respectively,  bear  about  20° 
S.  of  W.  and  20^  W.  of  N. ;  and  the  cleavage  dips 
towards  the  south-west. 

Near  the  granite  the  general  character  of  the  slate 
is  a  massive  felspar,  with  some  schorl  and  quartz : 
at  a  distance  it  is  of  a  coarse  grained  brownish  red, 
passing  into  a  pale  blue,  with  a  silky  lustre.  The 
prevailing  dip  is  to  the  south,  and  the  general 
directions  of  the  joints  the  same  as  before. 
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At  Wheal  Basset  there  is  an  ehanrcourse  of  consi- 
derable breadth,  which  bears  several  degrees  S.  of  W. 

Another,  already  mentioned,  occurs  id  the  cliff  at 
Wheal  Coates,  and  is  probably  connected  with  the 
extensive  mass  of  granitic  porphyry  in  the  same 
mine.  It  is  only  from  8  to  10  feet  wide,  and  is  the 
smallest  as  well  as  the  only  one  in  the  district  with 
a  southerly  inclination. 

The  next  elvan-course  strikes  into  the  sea  at  Cairn 
Gowla,  is  seen  also  in  the  adits  of  Wheal  Devonshire 
and  Seal  Hole,  and  again,  in  the  cliff  at  Pell-leat. 
An  easterly  extension  of  the  same  course  falls  on  the 
headlands  east  of  Trevellas  Coombe,  and,  if  pro- 
longed still  further  in  the  same  direction,  it  would 
reach  to  Wheal  Prudence,*  where,  I  suppose,  it  is 
the  souih  elvan.f  Its  direction  is  about  25^  S.  of  W„ 
and  its  dip  30-50^  N. ;  its  thickness  varies  from  5 
to  8  fathoms,  and  its  junction  with  the  slate  is,  in 
every  case,  clear  and  distinct.  At  Seal  Hole  adit 
there  is  something  like  a  transition  between  the 
north  wall  of  the  elvan  and  the  slate,  both  rocks 
becoming  finer  grained  and  more  quartzose  near  the 
line  of  contact,  but  that  is,  nevertheless,  well  marked. 
At  Pell-leat,  for  about  a  foot  thick  on  the  northern 
part  of  the  elvan,  the  joints  are  very  open,  although 

*  It  is  very  accurately  laid  down  by  Mr.  Thomas  in  his  Maps  of  the  Cam 
Menelis  district,  which  are  deposidd  in  the  Mnseum  of  the  Royal  Institution 
of  Cornwall. 

t  The  northern  elvan  in  Wheal  Prudence  is  within  30  fathoms  of  the  southern 
one  ;  if,  therefore,  the  former  were  the  one  in  question,  I  think  the  latter  must 
have  become  visible,  either  in  the  cliffs,  in  Trevellas  Coombe,  in  Trevaunance 
Forth,  or  in  some  of  the  mines  near  the  Beacon  Hill. 

q2 
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the  rock  is  not  decomposed ;  in  sereral  purts  of  it 
irregolar  masses  of  tin  ore  have  been  founds  and 
some  workings  have  been  commenced.  In  the 
headlands^  east  of  Trevellas  Coombe,  the  elvan  varies 
in  size  very  greatly,  and  throws  off  many  veins, 
strings,  and  branches,  into  the  sfaUie,  and,  in  one 
spot,  encloses  a  very  large  mass  of  that  rock.* 
Wherever  its  back  comes  to  tile  stirfooe  in  these 
promontories,  the  rock  is  fine  grained,  much  decom- 
posed, and  consists,  almost  entirely,  of  felspar. 

The  manner  in  which  this  elvmhcouree  is  affected 
by  the  lotks  and  cros^'^^onrses  is  most  instructive. 
In  all  the  points  of  land  which  it  traverses,  it  is 
itself  intersected  by  lodles  which  have  a  similar 
direction,  but  an  opposite  dip,  and  throw  it  upward. 
One  of  themf  raises  it  about  6  or  8  fathonus  in  each 
of  the  three  eastern  headlands.;^ 

The  same  elvan  is  heaped  a  fathom  to  the  right, 
(q.  a.)  by  Seal  Hole  croie<ourse ;  about  1 0  fathoms,  in 
a  similar  direction,  by  a  large  crose^Hmree  between  the 
third  and  fourth  promontories  in  Trevellas  Downs; 
and  about  5  fathoms,  in  a  like  manner,  by  the  tfiM- 
course  at  Wheal  Prudence. 

These  disturbances  of  an  elvan,  I  believe,  are  not 
parallelled  in  any  other  case,  yet  discovered,  in  this 
county. 

*  Mr,  Conybeare's  Sketch,  Geo,  Trans,  iv,  PI.  xxiii.  fig.  3,  does  not  raffi- 
ciently  indicate  this  circumstance. 

t  Probably,  the  Polberraw  GMStm  lode, 

t  This  is  neither  figured  new  describied  in  Mr,  Conybeare's  accomt  of  this 
elmn,  Geo.  Trans,  iv.  p.  401,  and  PK  xziii,  fig.  S-8. 
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The  northern  ehan^  at  Wheal  Prudence,  appears 
on  the  face  of  the  cHff,  and  again,  in  a  small  rocky 
hummock^  between  that  mine  and  Wheal  Cock  core ; 
in  the  latter  place,  where  it  is  largely  worked  for  the 
manufacture  of  troughs,  &c.,  and  for  building  mate- 
rials, it  bears  about  26^  S.  of  W.,  dips  N.,  and  is  1 1 
fathoms  wide.  This  is  also  heaved  by  Wheal  Pru- 
dence cross-bourse  about  5  fathoms  to  the  right. 

I  am  uncertain  as  to  the  identity  of  iAt^s^  elvans 
at  any  other  point :  whether  they  unite  in  either 
direction  is  difficult,  if  not  impossible,  to  say,  but  in 
neither  are  two  elvans  observed  near  each  other. 

A  similar  rock  occurs  at  Ponsmere,  in  Perran 
Porth>  is  quarried  a  little  eastward  of  that  place, 
and  again  appears  in  Wheal  Budnick. 

A  small  mass  of  el/van  rises  through  the  sand  near 
the  middle  of  the  shore  of  Ligger-bay,  but  its  size, 
dip,  and  direction,  cannot  be  ascertained. 

An  elvan,  about  6  fathoms  wide,  bearing  N,W., 
and  dipping  50-70^  S.W.,  occurs  in  the  eastern 
corner  of  that  Bay,  in  contact  with  a  large  iron  vein. 

Two  interesting  elvans,  one  6  and  the  other  12  feet 
wide,  both  bearing  about  20°  S.  of  W.,  and  dipping 
N.,  appear  at  Penhale.  The  larger  of  them  is  seen 
in  three  places  in  the  deeply  indented  clifis,  where 
it  throws  o£f  numerous  shoots  and  veins  into  the 
slate,  and  also  encloses  several  patches  of  it.  Pen- 
hale lode  bears  20®  W.  of  N.,  dips  E.,  and  heaves 
this  ehan  some  fathoms  to  the  left.* 


*  The  exact  distance  I  could  not  measure,  as  it  was  covered  by  the  sea ; 
through  which;  however,  the  elvan  and  cross-course  were  clearly  discernible. 
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The  general  bearing  of  the  lode9  is  between  W. 
and  S.W.,  their  dips  are  various,  and  the  results  of 
their  interferences  on  the  lines  of  their  inclinatiom 
are  usually  attended  by  the  displacements  already 
mentioned,  as  leapa^  slides,  or  throws,^  which  have 
long  rendered  this  district  remarkable.f 

The  tract  near  the  Beacon  Hill  had  long  been 
known  as  very  productive  of  tin  ore,];  but,  except 
at  Polberraw,  Wheal  Coates,^  and  Seal  Hole,  there 
is  now  comparatively  little  obtained  from  the  mines 
which  were  formerly  so  valuable.  JSlue  Hills,  Goon 
Laz,  and  Wheal  Pink  are  abandoned ;  and  the  most 
profitable  tin  mines  in  the  neighbourhood  are  Wheal 
Kitty  and  Wheal  Budnick,  which  are  recent  dis- 
coveries. Most  of  the  mines  have  yielded  finely 
crystallized  specimens  of  the  oxide  of  tin. 

Both  the  eastern  and  the  western  parts  of  this 
district  have  produced  large  quantities  of  copper 
ore,  generally  in  the  state  of  pyrites,  as  at  Wheal 
Towan,  South  Wheal  Towan,  United  HiUs,  Wheal 
Music,  Wheal  Basset,  Wheal  Charlotte,  Wheal 
Prudence,  Great  Saint  George,  and  Wheal  Leisure, 
and  some  of  them  have  also  afforded  fine  specimens 


*  See  Polberrowy  Table  lxxyii,  PI.  ix.  fig.  1-4,  In  tiuB  mine  the  tin  veins 
are  frequently  thrown  down  by  certain  lamina)  of  the  slate,  which  coincide  with 
the  dip  of  the  cleavage  planes. 

t  Mr.  Pryce,  Mineralogia  Comabiensis,  p.  107,  PI.  i.  fig.  1.  Mr.  WilUam 
Phillips,  Geo.  Trans,  ii.  p.  1S7,  PI.  vii.  fig,  7.  Mr.  Came,  Cornwall  Geo. 
Trans,  li.  p.p.  87-90-01,  PI.  ii,  fig.  1-4-5-^. 

t  Tin  pyrites,  which  is  nowhere  abundant,  has  been  found  chiefly  at  WM 
Rocky  in  this  district. 

§  The  siliciferous  oxide  of  tin,  in  pseudomorphous  crystals,  has  been  ob- 
tained in  this  mine.    Mr.  Stephen  Davey,  Cornwall  Geo.  Trans.  iv«  p.  484. 
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of  naftiTe  copper,  some  i 

liaed  mode  cdT  cojHper,  vj   «     sc 
of  the  nure  salts  of  the  j 
[  asfreral  of  the  miiies. 

Thme  are  sevoal  veiy  large  crau^mttmB  in  dris 
district.  The  great  en9$<mtM^  is  8»d  to  strike 
the  north  coast  a  little  i  of  Perth  Towan,  and  to 
continae  throogh  dJB^  1  it  is  olMmnred 

nowhere  dae  in  the  neig  i 

In  Seal  Hole  there  i  e  1     ^ 
them  heaoee  to  the  right,  i 

Another  vein,  of  tt  »        ^ 

Downs,  hewocM  the  ehm  10  to  t     i         ; 

dips  E.  eO-70^»  and  co        s       cr]         i    1  <       I 
and  portions  of  the  era  t        i     rod 

At  Wheal  Ptadmce^  t  r  eraee^eimee  hea^ee 
both  the  lode9  and  the  <  towards  the  right,  bnt 

not  always  an  equal  distance. 


*  ^  The  most  considenble  of  these  croes  oouiBeB  eztendt  from  tea  to  sea ;  it 
'<  passes  diiectly  through  the  meridian  of  St«  Agnes,  leaTes  in  the  middle  of  its 
<<  coone  the  parishof  Stythians,three^aarteraof  amile  to  the  west,  and  tenni- 
'*  nates  on  the  soath  in  ^  neighboorhood  of  Pedn^Boar-Point*** 

Dr.  BsaGta,  Gto.  IVmt.  i.  p.  105. 

*'  This  vein  is  believed  to  run  qaite  across  the  country  firom  sea  to  sea." 

Ma.  William  Phillips,  6m.  IVsnt.  ii.  p.  IM. 

**  The  principal  cross  ooorses  in  Cornwall  have  been  traoed  from  the  ahoie  of 
''  the  Bristol  Channel,  near  Perth  Towan,  through  St  Agnes,  and  Illogan 
'*  Parishes,  to  Huel  Peever.  In  the  cliff  they  aro  at  some  distance  ftom  each 
'*  other/'    Mr.  Carmi,  OnmnodU  Geo.  2Vm.  ii.  p.  108. 

«  The  '*  great  cross  course,"  as  it  is  called,  both  from  its  extent  and  the  mag- 
<'  nitude  of  the  heaves  which  it  occasions,  has  been  traced  across  the  county, 
*'  from  the  north  coast  to  the  south.'' 

Mr.  Borr,  Mining  Review,  No.  vi.  (ISSS)  p.  9S3. 

The  Perth  Towan  Tale  is  a  little  east  of  the  creee-^ewee^  and  is  nearly 
parallel  to  it. 
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Two  crag^-courses  occur  in  Ligger'^bay»  a  Httie 
eastward  of  Perran  Forth ;  one  is  about  a  foot  wide, 
and  the  other  3  or  4  fathoms ;  both  contain  crystal- 
lized quartz,  and»  the  larger,  also  earthy  brown  iron 
ore,  and  ferruginous  quartz ;  both  bear  about  N. 
and  S.,  and  dip  E.  60-70^.  I  do  not  know  their 
effects  on  the  lodes,  but  I  may  state  that  on  th^ 
western  side  of  the  larger  the  slate  is  blue  and  very 
quartzose,  whilst,  on  the  east,  it  is  pale  grey,  and,  in 
some  places,  tinged  deep  red  by  decomposition. 

At  the  eastern  extremity  of  Ligger-bay,  and  in 
contact  with  the  ehan  already  mentioned,  is  a  large 
vein,  bearing  about  S.E.  and  N.W.,  and  dipping 
S.W.  50"^.  It  contains  hematite,  specular,  and 
earthy  brown  iron  ore,  quartz,  and  slate :  has  many 
cavities  lined  with  crystals  of  quartz,  and  is  tra- 
versed by  many  small  quartz  veins. 

The  vein  on  which  Penhale  and  Wheal  Golden 
were  worked  for  galena,  bears  25^  W.  of  N.,  dips  E. 
70-80^,  and  re^appears  in  three  or  four  of  the  small 
headlands.  Its  contents  are  mostly  quartz  and  ga- 
lena; and,  in  several  places,  there  are  spheroidal 
masses  of  crystallized  quartz  imbedded  in  the  ordi- 
nary variety  of  the  same  substance. 

Further  eastward  there  are  other  veins  which  have 
produced  galena  in  large  quantities :  some  of  them 
bear  E.  and  W.,  others  N.  and  S,,  and  a  few  in 
intermediate  directions,*  but  at  present  they  are 
but  little  worked. 


*  ^*  The  lead  veins  which  have  been  lately  discovered  in  the  parish  of 
*^  Newlyn,  by  Sir  Christopher  Hawkins  in  draining  a  marsh,  *  *  are  about 
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The  first  discovery  of  silver  in  Cornwall  is  nid 
to  have  been  made  at  Wheal  Mexico,  in  this  district.* 

At  Wheal  Towan,  and  in  the  western  part  of  the 
distrtet  generally,  the  shoots  of  ore  dip  w^tward ; 
biit,  oti  the  east  of  Cligger,  the  bunches  have  an 
opposite  inclination. 

As  in  most  other  places^  there  is  an  approxioiate 
coincidence  between  the  directions  of  the  joints  and 
of  the  principal  veins  in  their  neighbourhood. 

At  Perth  Towan,  one  system  of  joints  bears 
between  N.  and  S.,  and  a  secoxid,  a  few  degrees 
S.  of  W. ;  similar  directions  prevail  as  far  as  Wheal 
Charlotte.  Near  Wheal  Coates  the  principal  of 
them  are  about  N.  and  S.,  and  another  set^  about 
20^  N.  of  W.,  and  these  bearings  continue  to  Cairn 
Gowla.  At  the  latter  spot^  and  at  Pell-Ieat^  the 
joints^  in  some  instances,  pass  through  both  slate 
and  elvan  without  interruption  ;  some  again  seem 
to  traverse  the  slate  alone,  and  others  are  confined 
to  the  elvan. 

The  E.  and  W.  joints  prevail  at  Trevaunance 
Cove,  Trevellas  Coombe,  and  along  the  cliflF  to 
Wheal    Prudence,    and    those    which    divide    the 


**  two  feet  wide,  and  run  nearly  east  and  west :  a  direction  contrary  to  that  of 
"  almost  all  the  other  lead  veins  which  have  been  hitherto  discovered  in  Corn- 
"  wall.  Besides  the  lead,  and  a  little  quartz,  they  consist  entirely  of  clay. 
**  *   *    *   The  lead  yields  about  60  ounces  of  silver  per  ton.** 

Mr.  Carnb,  Cornwall  Geo,  Trans,  ii.  p.  114. 

*  **  The  vein  which  was  formerly  worked  at  Huel  Mexico  in  Cor»wall,  was 
^*  in  grauwacke  slate.  The  ore  appeared  to  be  mixed  in  it  in  the  form  of 
^*  inscilated  masses  or  nests;  besides  the  native  silver,  corneous  ore  (muriate 
'*  of  silver)  was  also  met  with."    Dr.  Berger,  Geo,  Trans,  i.  p.  171. 

Mr.  Carne,  Cornwall  Geo.  Trans,  i.  p.  121, 
VOL.  V.  R 
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granite  at  Cligger  Point  have  commonly  the  same 
direction,  although  many  of  them  bear  N.  and  S. 
The  latter  are  also  general  between  Cligger  and 
Perran  Porth,  and  they  are  also  the  principal  in  the 
eastern  part  of  the  district,  where  they  seem  to 
traverse,  equally,  both  rocks  and  veins. 

The  valley  of  Porth  Towan  has  been  streamed 
for  tin,  but  with  little  success.* 

The  beds  of  sand  and  clay  on  the  eastern,  northern, 
and  western  sides  of  the  Beacon  Hill,  are  among  the 
most  curious  formations  in  the  county .f    They  are 


*  <<  stream  tin  has  been  met  with  *  *  *  at  Perran  Porth  in  the  parish  of 
^^  Perran-zaboloe,  below  the  sea-sand  in  the  form  of  large  blackish  grains." 

Dr.  Berof.r,  Geo.  Trans,  i.  p,  162. 
I  have  seen  specimens  of  wood-tin  from  one  of  the  lodes  in  Polberrow, 

t  '^  The  deposit  of  sand,  clay,  and  alluvial  fragments  of  rock,  occurs  at  an 
'*  elevation  of  375  feet  above  high  water.  *  *  *  The  greatest  breadth  of  this 
**  deposit,  which  amounts  to  150  fathoms,  is  on  the  eastern  side  of  the  beacon. 
<'  It  gradually  contracts  on  the  northern  to  70  fathoms,  and  vanishes  about  half 
**  way  in  its  progress  along  the  western  side,  »  »  «  »  Close  by  a  mine  which 
**  is  called  Wheal  GU>be  beneath  the  vegetable  mould  I  found  a  deep  bed 
a  m  0  0  not  materially  differing  from  what  usually  covers  the  killas  rock. 
"  This  was  succeeded  by  fine  clay  in  a  bed  of  two  feet,  then  by  clay  and  sand 
**  to  the  farther  depth  of  three  feet,  and  ultimately  by  a  fine  white  grit  sand,  the 
^*  depth  of  which  has  not  been  ascertained.  On  the  edge  or  margin  of  this 
^*  deposit,  where  it  joins  the  base  of  the  beacon,  the  beds  of  sand  and  clay  are 
"  said  to  disappear  rather  suddenly,  and  the  rubble  alone  remains.  Here  at  a 
<<  spot  called  Opie's  field,  where  the  rubble  is,  for  the  most  part,  20  feet  deep, 
''  has  been  found,  immediately  beneath  it  and  on  the  surface  of  the  bare  rock, 
"  no  small  quantity  of  alluvial  tin,  in  fragments  of  all  sizes.  ****** 
'*  On  the  north  side  of  the  beacon  I  found  the  yellow  cobb,  two  feet  and  a  half 
''  in  depth  mixed  with  a  great  proportion  of  rubble.  *  *  *  The  next  to  it,  in 
'*  succession,  was  a  bed  of  brown  sand,  which  attained  a  thickness  of  nine  feet* 
^*  This  bed  also  underlies  to  the  north,  but  has  numerous  sedimentary  divisions 
*^  which  dip  at  an  angle  of  45*^  to  the  south.  Then  occurred  nine  or  ten  feet  of 
^*  bluish  gray,  and  brown  clay,  some  portions  of  which  had  a  slight  admixture 
"  of  carbonic  matter.  This  bed  is  capped  with  four  or  five  inches  of  white 
*'  clay,  *  *  *  what  lies  deeper  is  mixed  with  *  *  *  sand.  Below  this 
*'  sandy  clay  they  find  fine  grit  six  or  seven  feet  deep,  until  they  reach  the  lock/' 

Mr.  Hawkins,  CorntodU  Geo,  Trans,  iv.  p.p.  1$6-^ 

^*  The  stratum  of  blue  clay  is  about  a  foot  in  thickness.    It  is  very  tough  and 
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often  covered  by  a  bed  of  loose  stones  and  earth, 
which  is  sometimes  as  much  as  6  or  8  feet  thick. 
Beneath  this  is  a  bed  of  pink,  yellowish,  or,  in  some 
places,  brownish  sand,  varying  from  2  to  10  feet  in 
depth,  divided  into  separate  layers  which  incline  to- 
wards the  south,  and,  in  various  parts,  contain  small 
ferruginous  crusts  and  masses  of  conglomerate,  and 
sometimes  the  lower  portions  are  mixed  with  a  little 
clay.  A  bed  of  stiff  blue  clay,^  of  a  foot  or  a  foot 
and  a  half  in  thickness,  succeeds ;  and  again  below 
this  is  a  bed  of  milk-white  sand,  the  upper  part  of 
which  is  occasionally  mixed  with  small  portions  of 
clay.  Beneath  the  whole,  and  lying  on  the  rock, 
there  is  often  a  bed  of  pebbles,  in  which  a  little 
slream-tin  is  said  to  occur  occasionally. 

It  is  not  a  little  remarkable  that  at  distant  spots 
the  elevation  of  the  same  bed  is  frequently  different.f 

*^  adhesive,  and  so  firm  that  when  dry  it  is  cut  with  a  broad  chissel  into  square 
*'  lamps ;  when  dry  it  is  of  a  light  chocolate  colour  mottled  with  irregular 
''  black  markings ;  it  has  an  oily  rancid  smell,  like  putty,  which  is  not  increased 
'*  by  being  breathed  on,  nor  does  it  emit  an  argillaceous  odour;  it  is  soft  and 
'^  greasy  to  the  touch,  and  readily  takes  a  polish ;  it  imbibes  moisture  greedily, 
*'  adhering  strongly  to  the  tongue ;  and  when  thrown  into  water  it  swells  and 
'*  falls  into  a  soft  paste ;  when  calcined  it  becomes  light  coloured,  and  loses  its 
"  rancid  odour.  The  peculiar  properties  of  this  clay  appear  to  be  derived  from 
^'  a  strong  impregnation  of  animal  matter/' 

Dr.  Boasb,  Cornwall  Geo.  Trans,  iv.  p.  297. 

*  The  clay  is  moistened  and  applied  to  the  miner's  candle,  in  order  to  prevent 
the  warmth  of  the  holder's  hand  from  injuring  it,  and  in  order  to  attach  it  to  the 
rock,  in  a  convenient  spot  for  the  workman  whilst  at  his  labour.  It  is  sold  in 
the  place  at  the  rate  of  twenty  shillings  per  ton,  and  is  conveyed  to  very  distant 
parts  of  the  county  for  use  in  the  mines. 

t  Mr.  Thomas  has  kindly  favoured  me  with  the  following  valuable  observa- 
tions on  the  elevations  of  the  beds  at  various  parts  of  the  Beacon,  obtained  by 
his  own  levelling  from  the  high-water  mark. 

**  North-eastward  of  the  beacon,  about  half  a  mile,  there  are  sand  pits,  and 
"  the  ground  383  feet  above  high-water.  The  sand  is  yellow,  and  is  8  feet  un- 
'*  der  the  surface,  covered  with  a  bed  of  clay  2  feet  thick. 

**  Northward  from  the  beacon  half  a  mile,  and  near  Wheal  Kind  sand  pits, 

r2 
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There  are  considerable  accumnlations  of  sea  sand 
on  the  eastern  sides  ^  of  Forth  T<n¥an  and  Perrsn 
Forth,  but  that  at  the  latter  place  is  by  fiftr  the  most 
extensive.  In  both,  partial  agglutinatiotts  of  the 
sand  have  formed  masses  of  stone ;  but,  I  believe, 
few  of  them  have  been  employed  for  bttilding.  The 
encroachments  of  the  sand  during  heavy  storms  have 
been  most  destructive  to  the  land  in  the  imrmediate 
vicinity  :f  large  tracts  have  been  irrecoverably  lost, 
and  two  churches  have  been  successively  abandoned 
in  consequence  of  its  advance  into  the  interior. 

*'  the  ground  is  383  feet  above  high -water :  the  sand  is  7  feet  under  the  surface, 
^^  and  the  pit  goes  8  feet  through  white  sand. 

'*  About  half  a  mile  north-westward  of  the  beacon,  the  groiiiid  near  the  sand 
^^  pit  is  377  feet  above  high- water,  the  sand  is  3  feet  beneath  the  surface,  and 
^^  the  pits  are  15  feet  through  yellow  sand.  * 

''  About  a  quarter  of  a  mile  south-westward  of  the  beacon,  tiie  surface  is 
*'  418  feet  above  high-water,  the  sand  is  9  feet  beneath,  the  pits  are  sunk  12  feet 
*'  through  yellow  sand :  the  portions  which  are  deepest  in  the  bed  have  the 
^^  lightest  tints. 

'*  The  top  of  the  beacon  is  612  feet  above  high-water." 

It  will  be  readily  admitted  that  these  results  are  more  worthy  of  credit  than 
Dr.  Berger's,  which  were  obtained  by  the  use  of  a  mountain  barometer ;  or  those 
in  the  Ordnance  Survey,  which  are  derived  from  comparison  with  very  distant 
stations.  The  first  states  the  elevation  of  the  Beacon  at  664,  the  latter  at  999  feet. 

'*  Saint  Agnes,  one  of  the  high  hils,  by  his  entrailes  (like  Prometheus)  feed- 
''  eth  the  Tynuers'  pecking,  or  picking  bils,  with  a  long  lined  profit,  albeit,  their 
*'  scarcle  Eagle  eyes  sometimes  mistake  the  shadow  for  the  substance,  and  so 
^<  offer  vp  degenerate  teares,  as  a  late  sacrifice  to  repentance." 

Mb.  Carew's  "  Survey,**  p.  148. 

*  *'  The  vast  and  apparently  constant  accumulation  of  this  sand  in  all  the 
^'  places  where  projecting  headlands  form  bays  or  gulphs  facing  to  the  west,  and 
*^  consequently  open  to  the  direct  roll  of  the  Atlantic  Ocean,  occasions,  in  such 
**  positions  all  along  the  coast,  the  formation  of  those  towans  or  sand-hills  which 
^'  cover  some  thousands  of  acres  of  ground,  and  furnish  an  inexhaustible  store 
"  of  calcareous  manure.  *  *  *  Where  in  such  situations  the  cliffs  are  low^the 
'^  sands  have  covered  them,  having  first,  by  their  accumulation,  fcHrmed  a  slope 
*'  of  easy  ascent,  over  which  succeeding  sands  have  been  wafted,  and  haTe«x- 
''  tended  inland."    Mr,  Thomas,  Mining  Review,  No.  viii.  (1836)  p.  272. 

t  My  father  has  informed  me  that,  within  seventy  or  eighty  years,  a  field  in 
preparation  for  tillage  by  some  of  his  relatives  in  this  neighbourhood,  was, 


DtpofUs  ^  ihrmiuM  4md  iDeumh  ^       IIS 

The  Bet^reei  {4ir^mdi>mimmfia}  has  been  exten- 
sively planted,  and,  by  protoetiiigr  ^HhemoA  horn  iik$ 
aetian  of  tbe -wind,  hw  prev^Eitod  a  feewrrenee  i>f 
such  wideHipread  derastatioiis  as  aire  reeorded  to 
kaire  jforioerly  taken  place. 

In  the  vicinity  of  the  veins  the  rocks  are  often 
softer  than  they  are  elsewhere :  in  snch  places  the 
erosive  action  of  the  waves  has  worked  numerous 
caverns  in  the  cliffs.*  Some  of  these  are  very  exten- 
sive, as  at  Yugh-an-flaunder,  Wheal  Prudence,  Seal 
Hole,  and  Wheal  Devonshire  :f  the  former  may  be 
entered  from  the  beach,  when  the  tide  is  very  low, 
and  is  frequently  visited  and  illuminated ;  the  others 
may  be  approached  inland,  through  the  adits  which 
ope§  into  them,  or  in  boats,  when  the  weather  is  very 
calm  and  the  sea  smooth. 

A  great  part  of  this  district,  without  cultivation 
or  enclosure,  is  most  wild  and  desolate.  But  the  sea- 
coast,  with  its  pleasant  coves  and  level  sandy  beaches, 
is  much  resorted  to  by  those  to  whom  it  would  be 
inconvenient  to  take  a  distant  journey  to  more 
fashionable,  though  not  more  healthful,  watering 
places ;  whilst  its  lofty  and  caverned  cliffs,  whose 
decomposing  rocks  assume  an  endless  variety  of 


daring  a  storm,  irreclaimably  covered  in  a  single  night  by  sand,  which  was 
drifted  to  the  depth  of  a  foot. 

It  is  said  that  barley  grown  on  these  sandy  soils  is  generally  heavier  and  of 
better  quality  than  elsewhere. 

*  "  I  have  seen  no  part  of  the  sea-coast  of  Cornwall  where  the  destructive 
'*  influence  of  the  waves  is  so  well  illustrated. 

Dr.  Boase,  Cornwall  Geo,  Trans,  iv.  p,  302. 
t  In  this  cavern  I  suffered  a  fracture  of  my  right  arm. 
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tints,*  attract  many  summer  pleasure  parties  and 
lovers  of  romantic  scenery. 


*  «  The  upper  put  of  the  rocks  is  seen  to  be  in  a  state  of  decomposition,  as 
'*  shewn  by  their  bright  red  colour.*' 

Dr.  Boasb,  CamwaU  Geo,  Trana,  lY.  p.  Z90, 
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THE   SAINT    AUSTELL    DISTRICT, 

Is  bounded  on  the  south  by  a  line  drawn  from 
^'^Teague's  Gate  to  the  sea  at  Forth  Pean ;  thence,  in 

north-easterly  direction,  by  the  coast  as  feur  as  the 

Iwatern  side  of  Par-sands ;  from  the  last  place  by  a 

pne  extending  northward  to  the  top  of  Penpellick 

JSill :  on  the  north  it  is  bounded  by  a  line  from  that 

hill  to  Beam  mine ;  and  on  the  west  its  boundary 

line  is  drawn  from  Beam  to  Teagul^^^  irate. 

It  comprizes  parts  of  the  parishes  of  Saint  Ewe, 
Saint  Mewan,  Saint  Austell,  Saint  Blazey,  Tyward- 
feath,  Lanlivery,  Luxullian,  Roche,  and  Saint 
Stephens. 

In  the  north  is  the  high  granitic  range  of  Hens- 
barrow*  and  its  subordinate  hills ;  and  in  the  souUi 
are  slate  rocks,  which,  in  some  places,  contain  organic 
remains.  JE Ivan-courses  are  numerous  throughout 
the  western  part;  and  there  is  a  small  patch  of 
serpentine  in  the  cliflF  near  Duporth. 

The  granitic  formation  here  is.  of  much  greater 
extent  than  in  any  of  the  western  districts.  In 
general  this  rock  possesses  its  ordinary  character, 
and  is  rather  coarse  grained,  and  composed  of  felspar, 
quartz,  and  mica,  and  frequently  much  schorl  also. 
In  the  northern,  central,  and  eastern  parts,  however, 
it  is  sometimes  very  talcose  and  decomposing ;  and 
the  sides   of  Hensbarrow  supply  nearly  allf  the 


f 


*  Hensbarrow  is  1026  feet  above  the  sea  level. 

Trigonometriedl  Survey,  i.  p.  385. 
t  All — except  a  small  quantity  obtained  from  Towednack  and  Breage. 

ilnfe,  p.p.  17-44. 

VOL.  V.  S 
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chinorclay  and  chinastone  sent  from  this  county  to 
the  Potteries. 

The  micaceous  and  the  talcose  varieties  are  not 
mingled  together,  but  seem  to  affect  distinct  beds ; 
still  there  is  not  unfrequently  a  sort  of  transition 
between  them.  The  talcose  granite  is  commonly 
very  much  decomposed,  and  large  tracts  of  it  are 
entirely  disintegrated.*     When  it  is  not  so,  if  suffi- 


*  '*  This  granite,  the  felspar  of  which  forms  two-thirds  of  the  mass,  appeared 
''  to  me  to  be  less  decomposed  near  the  borders  of  the  plain,  than  in  the  central 
*'  part.  In  this  last  place  it  has  rather  the  appearance  of  a  porphyry  with  a 
«  pulverulent  base  of  a  whitish  colour,  in  which  crystals  of  quartz,  and  dome 
'*  plates  of  mica,  are  loosely  included.  It  is  used  in  this  rough  state  in  the 
''  manufacture  of  porcelain  *****  by  mixing  it  in  certain  proportions 
*'  with  the  porcelain  earth  that  is  obtained  by  washing  and  frequent  precipita- 
*'  tions."    Dr.  Bergbr,  Geo*  Trans,  o.s.  i.  p.  125. 

'*  Numerous  excavations  are  made  in  St.  Stephen's  Moor,  exposing  to  the 
*'  view  a  granite  of  a  brilliant  white  coloar  intersected  by  contemporaneous  veins 
*'  of  quartz.  On  a  near  examination  it  is  frequently  found  soft  enough  to  be 
*'  cut  with  a  spade,  and  is  in  that  state  packed  up  and  exported  to  our  potteries ; 
*'  those  parts  only  being  rejected  which  are  contaminated  by  the  presence  of 
"  dark  coloured  mica.  In  other  pits  on  the  same  moor,  the  rock  is  broken 
''  down  by  mechanical  force,  and  a  running  of  water  is  made  to  pass  through 
*'  the  fragments.  The  finely  attenuated  particles  of  felspar  are  instantly  taken 
**"  up  and  carried  off  in  streams,  as  white  as  milk,  which  are  collected  in  reser- 
'*  voirs ;  then  pumped  into  cisterns ;  and  evaporated,  either  by  natural  or 
*'  artificial  heat.'  The  beautiful  white  clay  resulting  from  this  process  enters 
'*  into  the  composition  of  the  finest  earthenware  produced  in  this  country." 

Professor  Sedgwick,  Cambridge  PhU.  Trans,  i.  p.p.  104-5. 

"  China-clay  is  raised  on  the  north  of  Carclaze,  about  one  mile  distant.  The 
*'  soil  is  covered  there  by  little  quartz  pyramids,  as  well  as  near  Cligga  Point, 
"  and  near  St.  Agnes  Beacon.  The  clay  pits  are  in  a  highly  decomposed 
"  granite,  in  which  numberless  double  six-sided  quartz  pyramids  are  imbedded ; 
"  the  contours  of  the  crystals  of  felspar  may  be  seen  very  easily  in  the  greater 
"  part  of  this  granite ;  it  must  therefore  be  a  granite  decomposed  in  ««<l,  and 
"  not  deposited  as  an  alluvium.  The  China-stone  which  is  raised  on  the 
"  western  side  of  Tregonning  Hill  near  Helston,  is  a  granite  in  which  the  de- 
'*  composition  has  proceeded  no  further  than  to  render  the  whole  mass  friable; 
"  only  one  part  of  the  felspar  is  changed  into  clay."  M.  M.  Von  Oeynhausen 
AND  VoN  Deciien,  Phil,  Mag,  and  Annals,  v.  (1829)  p.p.  242-3. 

**  The  china-stone  is  a  kind  of  granite,  the  felspar  of  which  has  undergone  a 
"  partial  decomposition :  it  is  carefully  selected,  so  as  to  be  entirely  free  from 
'^  shorl ;  and  requires  no  other  preparation  for  the  markety  than  to  be  broken 
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ciently  free  from  mica,  schorl,  tin  ore,  and  other 
substances  which  impair  its  quality,  it  is  quarried 
and  exported  as  china-stone. 

Over  the  more  decomposed  rock  is  passed  a  stream 
of  water,  which  washes  off  the  felspar-clay  in  a  state 
of  mechanical  suspension ;  whilst  the  quartz  and 
other  impurities  subside  during  the  operation.  The 
water  holding  the  china-clay  suspended  is  received 
in  large  pits,*  where  the  clay  falls  down,  and  the 
supernatant  water  is  allowed  to  escape  when  su£Br 
ciently  clear.  During  unsettled  and  rainy  weather 
the  clay  is  not  very  quickly  deposited ;  and  then,  if 
dispatch  be  desired,  the  subsidence  is  quickened  by 
the  addition  of  a  solution  of  alum  sprinkled  in  small 
quantities  from  a  common  garden  watering-pot. 
When  a  layer  of  this  mud  12  or  15  inches  deep  has 
been  formed,  it  is  either  allowed  to  dry  in  sitA,  or 
removed  to  a  higher  reservoir. 

I  witnessed  with  surprize  that  clay,  sufficiently 
consistent  to  stand  in  a  heap,  will  rise  through  a 
common  sucking  pump  worked  by  hand ;  though, 
when  so  drawn,  it  requires  to  be  raked  from  the  top 
of  the  pump. 

*'  into  a  size  convenient  for  carriage.  This  granite  is  of  a  peculiar  nature :  it 
*'  does  not  contain  any  mica,  but  numerous  glossy  scales  of  greenish  yellow 
"  talc,    •   •   *  ^ 

''  These  china-clay  works  are  not  confined  to  the  parish  of  St,  Stephens : 
**  there  are  also  many  others  in  the  parishes  of  St.  Dennis  and  St.  Austell ;  but 
**  those  of  St,  Stephens  appear  to  be  of  a  superior  quality.  The  quantity  of 
'*  china-clay  exported  from  these  places  is  very  considerable,  exceeding  7,<M)0 
<'  tons  per  annum ;  and  when  to  this  is  added  the  amount  of  china-stone,  which 
^'  is  about  5,000  tons  more,  the  whole  forms  a  very  important  branch  of  com- 
'*  merce."    Dr.  Boase,  Cornwall  Geo*  Trans,  iv.  p.p.  235-6-7. 

*  Locally  called  pans, 

s2 
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It  is  next  allowed  to  harden  by  exposure,  and,  if 
the  weather  be  dry,  thus  attains  a  proper  fimmess 
for  exportation:*  should,  howerer,  the  season  be 
unfavourable,  after  it  has  become  coherent  enough 
it  is  placed  under  cover,  in  order  to  its  further 
drying.  From  this  it  will  be  understood  that  the 
washing  the  clay  is  mostly  performed  in  winter,  and 
the  drying  during  the.  summer. 

Being  thus  reridy  for  the  market,  it  is  either 
packed  in  casks,  each  containing  about  half  a  ton, 
or  removed  in  the  lump.  On  the  spot,  twenty-five 
shillings  per  ton,  or  about  three  pounds  and  ten  shil- 
lings when  rendered  in  the  Potteries^  is  considered 
a  fair  price.f 

By  scraping  or  cutting  the  surface  of  a  piece  of 
ckinchclajf,  the  workmen  can  readily  discover  its 
former  position  in  the  pit  with  reference  to  the  point 

*  Dr.  Boase  has  examined  the  compOBition  of  the  chma-elay  of  Breage  and 
Saint  Stephens  and  finds  them  to  consist  of: — 

Breage^  8t,  Stephetu, 

Silica          —        —        —        —    40.15  39.55 

Alumina     —        —        —        —    86.20  38.05 

Magnesia  —        —        —        —      1.75  1.45 

Water        —        —        —        _    n.es  12.50 

Insoluble  residue  (quartz  and  talc)      9.60  8.70 

99.25  100.25 

Lond.  and  Edin.  PhU,  Mag,  x.  (1837)  p.  350. 

t  The  quantities  of  china-clay  and  china-stone  exported  from  the  County^  in 
the  year  1838,  were : — 

Clay»  Stone. 

Shipped  at  Penzance  and  the  Mount,  >  -nn  */^na 

from  Towednack,  about     —     —  5  ""  ***°* 

„    Breage  „        —     —  500  tons 


„    St.  Austell,  St.  Stephens,  &c.,  "^ 

shipped  at  Peutuan,  Charlestown,  > 

and  Par  —        —  } 


20284    „  6844    „ 


Total      —  20784  tons  7844  tons. 
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at  which  the  stream  of  mud  entered :  for  if  scraped 
or  cut  in  a  direction  coincident  with  that  of  the 
current^  it  presents  a  smooth  surface ;  whilst  it  is 
very  difficulty  if  not  altogether  impossible^  to  pro- 
duce an  even  face  if  the  force  be  applied  in  another 
direction. 

Where  foreign  substances  are  so  numerous  and 
abundant^  it  may  of  course  be  expected  that  the 
china^lay  will  vary  much  in  quality ;  but  the  whole 
of  the  clay  procured  from  the  same  spot  being  con- 
veyed into  the  same  pit,  there  is  little  or  no  differeiice 
in  this  respect. 

The  granite  throughout  this  district,  but  particu- 
larly that  of  the  high  grounds  immediately  north  of 
Saint  Austell,  which  is  very  talcose,  is  traversed  by 
innumerable  schorlaceous  veins :  the  composition  of 
these,  and  their  relations  to  the  containing  rocks,  are 
well  known.  These  veins  are  generally  of  small  size ; 
sometimes  they  consist  of  schorl  and  quartz,  at  others 
of  schorl  and  felspar,  frequently  of  schorl  alone,  and 
occasionally  portions  of  them  are  composed  of  quartz 
or  of  felspar  only :  usually,  however,  they  are  a  mix- 
ture of  all  three  substances,  and  most  commonly 
abound  in  the  oxide  of  tin.  That  ore  is,  notwith- 
standing, seldom  confined  to  the  veins  alone,  for  it 
is  generally  also  dispersed  through  the  substance  of 
the  contiguous  rock,  into  which,  although  the  line  of 
separation  is  mostly  distinguishable,  the  veins  fre- 
quently pass  by  imperceptible  gradations. 

On  the  whole  they  preserve  a  parallelism;  but 
there  are  many  exceptions,  and  in  these  cases  they 
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often  exhibit  the  ordinary  phenomena  of  heaoes  and 
throws;  when  they  unite  they  are  often  enlarged, 
and  become  proportionably  productive. 

They  are  generally  so  small^  numerous,  and  closely 
connected  with  the  rock/  that  in  many  places  they 
are  *'  worked  open  to  the  day,**  as  the  tin  ore  con- 
tained in  both  rock  and  vein  repays  the  expense  of 
quarrying  and   removal.      Carclazef    is  the  best 

*  At  Faiwork  mine,  near  the  Indian  Queens,  the  rock  is  a  laminated  mixture 
of  felspar  and  schorl ;  but  in  many  parts,  and  for  some  extent,  the  layers  of 
felspar  alternate  with  bands  of  tin  ore  instead  of  schorl. 

t  I  hare  been  fiivoured  by  Mr.  Thomas  with  the  following  interesting  ac- 
count of  the  dimensions  of  this  remarkable  mine :  from  his  own  measurements. 
**  The  excavation  occupies  5  acres  statute,  and  its  depth  is  136  feet;  the  solid 
*'  content  is  63,000  cubic  fathoms,  and  about  one  million  tons  have  been 
**  removed. 

*^  The  elevation  of  the  surface  at  the  northern  side  is  685  feet  above  high-water. 
"  southern     —     670  —        —        — 

"  adit  at  the  bottom  of  the  mine  549  —        —        — 

''AS  quarts  de  lieue  environ  de  la  ville  de  Stdni-Auatlef  est  une  montagne 
*'  pcu  ^lev^  mais  tr^-^tendue,  dont  une  partie  forme  ce  que  les  Allemands 
''  nomment  stockwerck  ou  filon  en  masse.  C'est  un  rocher  de  la  nature  du 
'*  granite  de  couleur  blanch&tre  &  tr^s  friable,  qui  contient  par-tout  un  peu  de 
^'  min^rai  d'^tain ;  il  est  entre-m^l^  d'uu  nombre  infini  de  petites  veines  noires 
**  plus  riches  en  mineral  que  le  rocher  lui-m6me :  il  en  est  ah.  il  est  tout  pur ; 
<<  ces  veines  sont  presque  toutes  parallelesfie  ont  leur  direction  de  Vest  k  I'ouesf, 
^'  la  partie  du  rocher  oii  elles  se  trouvent  quoique  de  la  m6me  nature  que  Tautre 
'*  est  beaucoup  plus  dure,  se  d^tache  n^anmoins  k  coups  de  pic,  &  avec  des 
**  coins  de  fer, 

"  Cette  mine  s'exploite  k  jour  comme  une  carriere  sur  une  grande  Itendue." 

M.  Jars,  Voyages  MStallurgiques,  (1765)  ill.  p.  190. 

''  The  enormous  open  work  of  Carglaze  near  St.  Austell  is  an  object  of  no 
'*  ordinary  interest.  The  traveller  may  there  see  the  operation  of  the  miner 
"  carried  on  in  the  light  of  day,  without  being  compelled  to  descend  a 
'^  hundred  fathoms  below  the  surface  of  the  earth  and  then  to  crawl  into  a  dirty 
^'  dripping  cavern.  The  works  are  excavated  in  a  variety  of  decomposing 
**  stanniferous  granite  or  schorl  rock.  Its  chief  constituents  are  quartz,  felspar, 
**  schorl,  and  oxide  of  tin,  with  occasional  specks  of  mica.  Throughout  the 
^'  whole  extent  of  the  excavation,  we  may  trace  a  succession  of  parallel  veins 
**  of  schorl  rock  which  do  not  in  any  degree  partake  of  the  decomposition  of 
*'  the  metalliferous  beds,  and  appear  both  in  their  range  and  dip  to  corres- 
^'  pond  exactly  with  the  beds  of  killas  which  are  seen  in  the  immediate 
"  neighbourhood."    Professor  Sedgwick,  Cambridge  PhU,  Trans,  i.  p.  108. 

"  A  fine  view  of  tin  lodes  of  both  classes,  and  their  intersections,  may  be 
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known  instance  of  this  mode^  but  the  Bunny  and 
Beam*  are  equally  remarkable. 


'^  obtained  at  Carclase  mine,  near  St.  Anstle,  which  ib  open  from  the  gurfooe. 
**  The  country  is  a  decomposed  granite,  of  a  greyish  white  colour :  the  lodes 
**  ivhich  are  composed  of  quartz  and  schorl,  being  of  a  blackish  colour,  and 
*^  seldom  more  than  six  inches  wide,  the  contrast  is  rery  visible.  The  lodes 
**  of  the  oldest  class  are  nearly  perpendicular ;  some  of  them  hare  a  small 
"**  inclination  towards  the  south:  the  more  recent  tin  lodes  underlie  ra|^y 
'^  southwards,  and  traverse  the  others.'' 

Mr.  Carnb,  Cornwall  Geo.  IVoim,  ii.  p.  02. 

**  The  mine  forms  a  large  excavation,  open  to  the  day,  and  is  said  to  be  850 
'^  fathoms  in  length,  100  fathoms  in  breadth,  and  21  or  22  fathoms  in  depth. 
**  The  direction  of  the  greatest  length  of  this  remarkable  op^ng  is  80^  N.  of 
**  W.  In  the  eastern  part  of  the  excavation  are  several  shafts  sunk  below  the 
'^  bottom  of  it,  by  which  tin  ore  is  raised  to  a  depth  of  10  fathoms  under  the 
**  adit.  ♦♦♦*♦****  The  granite  of  Carclaze  is  intersected  by 
'*  numberless  veins  and  strings  of  tin  ore,  and  in  the  neighbourhood  of  which 
*'  the  granite  also  contains  tin  ore.  These  veins  consist  chiefly  of  quartz  and 
"  schorl.  •  *  *  These  tin  lodes  run  in  every  direction  through  the  granite, 
'*  but  they  are  more  prevalent  in  one  direction  than  in  any  other,  that  is  a  direc- 
"  tion  22**  N.  of  W.,  their  underlie  is  towards  S.,  the  angle  they  form  with  the 
'*  horizon  is  35®.  The  distances  between  these  veins  is  very  short,  they  give  to 
**  the  rock  a  stratified  appearance.  Other  tin  lodes  run  between  15®  and  80® 
**  £•  of  N . ;  they  intersect  the  former  tin  lodes  without  heaving  them,  and  also 
''  without  being  heaved  by  them :  it  is  said  that  very  rich  tin  ores  are  found 
"  where  these  different  lodes  intersect  one  another."  M.M.Von  Gbynhausbn 
AND  Von  Dechen,  Phih  Mag.  and  Annals^  y.  (1829)  p.p.  241-2. 

'^  In  all  the  crystalline  granitoid  rocks  of  Cornwall  there  are  also  many 
'*  masses  and  '*  veiiis  qf  segregation.*'  Such  are  the  great  contemporaneous 
*'  masses  and  veins  of  schorl  rock ;  and  some  of  these  are  metalliferous.  The 
**  decomposing  granite  of  St.  Austell  Moor  is  traversed,  and  sometimes  entirely 
*^  superseded,  by  innumerable  veins  of  this  description.  Upon  these  lines  of 
**  schorl  rock  there  is  often  aggregated  a  certain  quantity  of  oxide  of  tin,  which 
''  sometimes  diffuses  itself  laterally  into  the  substance  of  the  contiguous  granite." 
Professor  Sedgwick,  (Address  to  the  Geological  Society,  ISth  FeK  1831.) 
Phil  Mag,  and  Annals,  ix.  (1831)  p.  284. 

\  '^  Carclaze  mine  is  worked  open  to  day,  like  an  immense  quarry.  The  upper 
''  part  of  the  granite  is  much  decomposed,  but  beneath  it  gradually  becomes 
<<  more  solid  and  perfect ;  it  is  traversed  by  innumerable  strings  and  bunches  of 
*'  shorl,  and  of  shorl-rock,  which  abound  in  tin  ore.  These  irregular  veins  are 
"  evidently  contemporaneous  with  the  granite :  for  they  are  so  intimately  blended 
*'  together,  that  in  order  to  obtain  the  ore  both  veins  and  rock  require  to  be 
"  stampt  and  washed."    Dr.  Boase,  Cornwall  Geo,  Trans,  iv.  p.p.  238-9. 

*  '*  About  two  miles  north  of  Carclaze  is  another  tin-mine  called  Beam :  it 
''  is  situated  in  the  granite,  and  was  originally  quarried,  but  is  now  regularly 
"  mined."    Dr.  Boase,  Ibid,  p.  239. 

*'  Like  all  the  veins  which  traverse  these  hills,  they  ( the  lodes  of  Beam)  arc 
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Such  veins  are  exactly  similar  to  the  tin  veins  in 
granite  at  Ballestaidden,*  and  in  slate  at  Polberraw,f 
and  to  the  strings  of  copper  ore  in  slate  at  Wheal 
Music,  which  have  been  already  described. 

On  the  outskirts  of  the  granite  are  many  interest- 
ing compounds  of  schorl  with  quartz,  and  felspar.;^ 
A  fine  grained  mixture  of  quartz  and  schorl  forms 
the  much-admired  Roche-rock,§  and  a  very  beautiful 
variety,  consisting  almost  wholly  of  quartz  with 
radiating  groups  of  schorl  crystals,  occupies  the  brow 
of  Saint  Me  wan  Beacon.  || 


'*  composed  of  qoartz  and  shorl,  carrying  more  or  less  tin,  which  sabstances 
"  are  so  united  with  the  soft  and  hard  growan,  that  not  a  doubt  cao  be  enter- 
*'  tained  of  their  contemporaneous  formation.*' 

Mr.  Hawkins,  Cornwall  Geo.  Trans,  iv.  p.  476. 

'^  On  the  south  side  of  this  moor  they  generally  underlie  to  the  south ;  but  in 
*^  other  places  they  are  rery  nearly  perpendicular,  and  at  Bunney  *'  open  work" 
*<  they  underlie  north.  The  parallel  stripes  of  schorl  rock  often  part  in  the 
**  middle,  along  narrow  joints  traced  by  oxide  of  tin.  Tin  is  also  disseminated 
*'  io  regular  crystals,  both  in  the  granite  and  schorl  rock,  where  we  have  no 
**  appearance  of  any  regular  rein  distinguished  from  the  rest  of  the  formation. 
**  In  schorl  the  whole  rock  has  a  laminated  or  veined  structure,  produced  by  a 
**  peculiar  segregation  of  parts  in  passing  from  a  state  of  fusion  into  a  solid 
**  state."  Professor  Seoowiok  Geo,  TroM,  iii.  m.s.  p«  483. 
See  also  Dr.  Boase,  London  and  Edin,  Phil.  Mag.  vii.  (1835)  p.p.  379-450. 
*  AntCf  p.  15.        t  Ante,  p.  136,  and  Tab.  Lxxvii.        i  Ante,  p.  98,  note. 

§  The  magnificent  architectural  decorations  introduced  by  Mr  Treffry  into  his 
residence  at  Place,  are,  for  the  most  part,  varieties  of  these  rocks,  and  of  the 
granite  of  this  district.  They  are  polished  by  a  machine  erected  for  the  pur- 
pose at  the  Fowey  Consols  Mines,  No  description  can  do  justice  to  their  great 
beauty  and  variety. 

I  **  The  rock  is  formed  of  huge  oblong  masses,  piled  upon  one  another  after 
''  the  manner  of  the  granite  tors ;  to  which  externally  it  bears  an  exact 
*'  resemblance.  The  constituents  of  this  rock  are  both  in  distinct  crystalline 
**  granules:  and  white  quartz  intermixed  with  the  black  shorl  produces  a 
"  good  effect"    Dr.  Boase,  Cornwall  Geo,  Trans,  iv.  p.  242. 

^*  On  account  of  the  prevalence  of  quartz  in  this  compound,  it  may  be 
**  called  quartzose  shorl-rock.  It  is  a  very  beautiful  stone,  and  calculated 
"  to  produce  a  fine  effect  in  ornamental  architecture." 

Dr.  Boase,  Ibid,  p.  244. 
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As  the  granite  nowhere  reaches  the  coasts  and  ad 
the  mining  operations  on  its  junction  with  the  slate 
are  not  considerable,  the  contact  of  the  two  rocks  is 
not  visible  in  many  places. 

At  Trenance-bridge,  near  Saint  Austell,  the  granite 
and  slate  meet  in  the  bed  of  the  rivulet ;  but  as  the 
stream  is  muddy  with  cMnorclay  their  junction  can 
be  observed  only  when  the  water  is  very  low.  The 
granite  is  fine  grained  and  felspathic,  and  the  slate 
deep  blue,  thick  lamellar,  and  in  some  places  mica- 
ceous, with  an  irregular  cleavage  which  dips  towards 
the  south-east,  whilst  the  line  of  contact  bears  about 
E.  and  W.  The  joints,  generally,  traverse  both 
rocks  without  interruption. 

In  the  cutting  by  which  Carclaxe  is  entered  from 
the  south,  the  granite  and  slate  join,  or  rather  pass 
into  each  other,  through  the  medium  of  a  compact 
rock  mostly  composed  of  schorl  and  felspar,  which 
are  sometimes  mixed,  at  others  in  alternating  laminae; 
in  some  places,  however, this  rock  is  quartzose,whilst 
in  others  the  quartz  assumes  a  veined  structure. 
The  lamination  of  the  rock  inclines  rapidly  to  the 
southward,  and  as  the  adit^  is  driven  in  this  direc- 

*  Whilst  mining  operations  were  condacted  with  activity  here,  a  stamping- 
mill,  worked  by  steam,  was  erected  at  the  very  bottom  of  the  excavation.  This 
still  remains,  though  it  has  been  long  disused ;  and  several  water-wheels, 
worked  by  streams  collected  from  the  neighbouring  commons,  now  propel  the 
machinery  for  crushing  the  stones  loosened  by  the  water  as  it  flows  down  the 
sides  of  the  cavity.  Within  memory  the  adit  was  navigable,  and  the  ores  were 
removed  in  a  boat.  The  appearance  is  very  singular,  and  without  a  parallel  in 
the  county. 

''  La  facility  qu'a  le  rocher  de  se  detacher  &  de  se  r^duire  de  lui-m6me  en 
^'  sable,  a  fait  imaginer  de  conduire  dans  cette  carriere,  \  la  profondeur  de 
'*  laquelle  on  a  pratiqu^  une  galerie  d'^coulement,  des  petits  courans  d'eau 
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tion  without  touching  the  granite,  this  dip  of  the 
transition  must  continue  to  a  considerable  depth.^ 

The  slate  of  this  district  is  included  between  the 
granite  and  the  sea.  It  generally  passes  into  that 
rock  on  the  north,  through  masses  of  quartz,  felspar, 
and  schorl,  in  various  modes  of  aggregation ;  and 
towards  the  coast  it  is  fossiliferous. 

The  general  character  of  the  slate  is  fine  grained, 
with  a  silky  lustre,  and  schistose  structure;  the 

*'  (particuli^remeiit  en  hi?er  &  dans  lea  terns  humides),  qae  Ton  distribue  sur 
"  lea  endroitB  tendres  da  rocher  qui  se  r^duisent  aassi-tM  en  sable.  Les 
'*  ouvriera  agitent  ce  sable,  de  faqon  qa'il  paisse  dtre  entrain^ ;  mais  conune  le 
**  mineral  qui  est  r^pandu  dans  I'eau  est  extr^mement  pesant,  eu  ^gard  an 
*'  rocher,  it  se  pr^ipite  dans  le  fond,  d'oik  on  le  retire  poar  le  laver  snr  des 
''  pelles  de  fcr  oik  Teau  achpye  de  le  s^parer  du  rocher  en  passant  par-dessns. 

''  Tout  ce  qui  ne  pent  pas  6tre  d^tremp^  parl'eaa  est  cass€  ayec  la  masse  ponr 
**  Mre  ensuite  transports  auK  bocards ;  ce  transport  se  fait  par  bateaux  snr  an 
*'  canal  de  demi-lieoe  de  longueur,  &  qui  passe  sous  terre  enriron  50  toises 
"  pour  arriver  an  fond  de  la  carriere,  deux  toises  au-dessus  de  la  galerie 
'*  d'^ulement.  On  concevra  du  reste  I'advantage  &  TatilitS  de  ce  canal,  si  I'on 
"  considere  ce  qn'il  en  co^kteroit  pour  Sleyer  de  8  ^  10  toises  de  profondeur  per- 
"  pendiculaire,  Timniense  quantity  de  minlrais  qoe  prodnit  ce  ttockwttck, 

"  On  avoit  commence  I'ouverture  d*an  second  canal  pour  arriver  IL  la  profon- 
«  dear  de  12  toises  an-dessousdu  premier,  ce  qui  annonce  une  exploitation  d'nn 
**  grand  nombre  d'annSes  ;  le  travail  en  est  aisS,  &  Ton  n'y  emploie  point  de 
''  poudre  quoiqu'on  y  pratique  quelques  galeries  pour  suivre  les  veines  minS- 
*'  rales  les  plus  fortes.  Les  dSblais  ne  gSnent  en  aucune  maniere,  lis  sont 
''  entrainSs  par  les  courans  d'eau ;  &  quoique  cette  mine  ne  soit  pas  riche  en 
*'  Stain,  I'abondance  du  rocher  qui  le  contient  &  le  pen  de  frais  qa'occasionne 
''  son  exploitation,  rendent  cette  entreprise  tr^s-bonne. 

*'  II  y  a  toute  apparence  que  la  mSthode  d'exploiter  cette  mine  conmie  une 
''  carriere,  n'aura  lieu  que  pendant  le  tems  que  le  minSrai  ne  sera  pas  suivi 
''  dans  la  profondeur.  Le  rocher  qui  est  friable  "k  la  sur&ce,  £e  qui  devient 
<<  pins  dur  en  approfondissant,  mettra  dans  la  nScessitS  de  la  travailler  comme 
*'  toutes  les  autres  par  des  ouvrages  souterrains/' 

M.  Jars,  Votfoges  MitaUurgiquea,  (1765)  iii.  p.  108. 

*  '^  This  schorl-rock  at  the  immediate  junction  seemed  to  pass  into  the  slate 
^'  by  almost  insensible  gradations.*' 

Professor  Sedgwick,  Comb. Phil,  Trans,  i.  p.  108. 

*^  The  junction  is  nearly  perpendicular,  but  dipping  to  the  south ;  the  killas 
<<  is  decomposed  into  an  earthy  and  argillaceous  mass ;  but  the  stratification  is 
''  nevertheless  distinct,  the  strata  underlie  rapidly  to  the  south."  M.  M.  Von 
Geymhausen  and  Von  Dechen,  Phil.  Mag,  and  Annals,  v.  (1829)  p.  241. 
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colour  is  usually  blue^  varying  greatly  in  inteitisity, 
and  the  prevailing  dip  of  the  cleavage  is  towards  the 
south-east.  It  is^  in  many  places^  quartzose^  and 
often  abounds  in  quartz  veins. 

At  Polgooth  the  joints  are  filled  with  felspar  clay, 
and  this  occurs  also  at  Pembroke  and  Ea^t  Crennie, 
and  in  many  parts  of  Fowey  Consols.  At  Pembroke 
the  slate  is  of  a  dirty-white  hue,  passing  into  a  red- 
dish-brown. 

A  greenstone  rock  appears  in  irregular  patches 
among  the  slate,  in  many  parts  of  the  district ;  as, 
for  example,  near  Saint  Mewan  Church.  On  the 
road-side,  between  Saint  Austell  and  Saint  Mewan 
Beacon,  there  is  a  well-exposed  section ;  the  rock, 
which  is  much  decomposed,  appears  to  be  a  rather 
coarse  grained  mixture  of  felspar  and  hornblende, 
with  traces  of  an  irregular  cleavage.  It  has  been 
already  stated  that  a  laminated  schorl-rock  occurs 
near  CarcUtze:  on  the  hill-side,  towards  Mount 
Charles,  the  common  is  covered  with  its  debris, 
though  the  subjacent  rock  is  there  a  reddish-brown 
slate,  with  alternating  beds  of  a  pale  buff  colour, 
and  contains  large  quantities  of  mica. 

At  Apple-tree  and  Crennis  beaches  there  are  large 
quantities  of  encrinal  stems;*  and  in  a  coarse  grained 

*  These  were  first  found  by  MM.  De  la  Beche  and  Mac  Lanchlan.  I  have 
discovered  nothing  but  encrinal  remains  in  this  locality ;  but,  at  Par,  Polkerris? 
Fowey,  and  Polruan,  numerous  specimens  of  turbinolia  have  been  discovered 
both  by  Mr.  Peach  and  by  me. 

From  their  imperfect  state,  and  probably  also  from  my  own  inexperience,  I 
have  been  unable  to  assign  their  species,  or  to  discover  any  vsliich  are  precisely 
like  them  in  the  figures  of  Professor  Phillips's  Geology  of  Yorkshire;  M, 
Goldfuss's  Petrefacta  Bonnensis ;  or  Mr.  Murchison's  Silurian  System. 

t2 
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arenaceous  slate  at  Forth  Pean,  I  thought  I  obserred 
some  obscure  traces  of  organic  remains. 

In  the  cliffy  at  Duporth^  a  mass  of  serpentine  rises 
through  the  slate ;  it  is  variegated^  and  consists  of 
hornblende^  or  some  similar  dark-coloured  mineral, 
apparently  cemented  by  extremely  thin  layers  of  a 
very  pale  green  steatite.  Some  portions  are  much 
decomposed ;  whilst  others,  though  tending  to  dis- 
integration, are  still  coherent* 

The  only  part  of  the  district  in  which  I  have  met 
with  elvathcour^es,  is  near  Polgooth.f  The  largest 
of  these,  ReskilUng  great  elvan,  is  extensively  quar- 
ried for  building  purposes ;  it  bears  N.E.  and  S.W„ 
dips  N.W.  40-50^,  and  is  from  3  to  8  fistthoms  wide. 
The  little  elvanrcourse  runs  25^  S.  of  W.,  dips  N. 
40-50^,  and  is  about  2  fathoms  in  width.  The  di- 
rection of  the  north  elvan  is  20^  W.  of  S.,  its  dip 
E.  40-70^,  and  its  breadth  from  a  few  inches  to  2 
fathoms ;  it  throws  off  many  veins  into  the  adjoining 
slate. 

In  Clizey  Hill  two  ehxms  are  seen  on  the  western 
side  of  the  road,  but  only  one  on  the  east  The 
smaller  is  but  a  few  inches  wide,  and  is  evidently  a 
mere  branch  of  the  other,  which  bears  S.E.  and 


*  <<  This  rock,  when  polished  by  the  sea,  shews  the  manner  in  which  its 
<<  component  parts  are  aggregated.  It  is  traversed  by  nnmerons  veins  of  asbes- 
'<  tns,  some  of  which  are  two  or  three  inches  in  thickness :  these  fox  the  most 
"  part  are  situated  at  the  Joints  between  the  layers  of  the  rock.  This  mineral 
''  is  of  a  greenish  colour,  and  consists  of  curved  fibres  that  are  not  sofficiently 
"  coherent  to  adndt  of  their  being  separated.'' 

Pr.  Boasb,  ComiMiU  Geo.  TVtoii.  iv.  pp.  280-1. 

I  could  discover  no  /odef  in  contact  with  this  serpentine ;  but  the  state  of  the 
cliff  is  not  favourable  for  examination. 

t  An  elvan  at  Dowgae  is  said  to  be  in  contact  with  a  lode  on  each  side ;  it 
was  under  water  at  the  time  of  my  visit. 


Deposits  qf  Cornwall  and  Devon.  127 

N.W.,  is  10  to  12  feet  wide  on  the  east,  but  not  more 
than  6  or  8  on  the  west  of  the  road,  and  dips  N.E. 
50-60^.  Its  dip  and  direction  coincide  with  those 
of  the  principal  joints  in  the  slate,  but  the  inclina- 
tion is  contrary  to  that  of  the  cleavage  planes ;  most 
probably  this  is  the  continuation  of  one  of  the  Pol- 
gooth  ehans. 

The  composition  of  all  is  much  the  same ;  yiz.,  a 
basis  of  felspar,  quartz,  aud,  in  some  places,  of  schorl, 
with  large  porphyritic  crystals  of  pale  buff  and  pink-^ 
coloured  felspar.  Some  parts  of  the  Polgooth  ehans 
are  traversed  by  minute  veins  of  quartz  containing 
tin  ore.* 

The  directions  of  the  hdes^  in  the  greater  part  of 
the  district,  are  a  few  degrees  S.  of  W. ;  this  is  the 
case  with  several  of  the  lodes  at  Beam,  Polgooth, 
Dowgas,  Pewhroke,  East  Crennis,  and  Fowey  Conr 
sols.  There  are,  however,  some  others  in  Polgooth 
and  Fowey  Consols,  and  also  the  hde  of  Charlestown 
Mines,  which  bear  nearly  S.E.  and  N.W.,  and  thus 
approximate  to  the  directions  of  the  Caunter-lodes 
in  the  western  districts. 

There  are  very  few  cross-courses  and  cross-Jlucans. 
At  Polgooth  a  flucan  heaves  the  lodes  and  ehoan  30 
fathoms :  a  similar  one  heaves  the  lode  at  Pembroke 
7  fathoms  :f  at  Fowey  Consols  there  are  also  several 

cross-courses,  but  they  are  all  inconsiderable. 

■  —     —     —     ■     --  ■ 

*  Professor  Sedgwick,  (Address  to  the  Geological  Society,  18th  Feb.  1831), 
Phil.  Mag.  and  Annals,  ix.  (1831)  pp.  283-4. 

t  It  was  believed  that  another  large  flucan  heaved  this  lode  60  fathoms  to  the 
right,  but  more  than  100  fathoms  have  been  driven,  and  the  level  has  been  ex- 
tended more  than  40  fathoms  under  the  sea  at  Short-horn  without  discovering 
the  lode. 
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Some  very  unusual  phenomena  attend  the  inter- 
sections of  the  lodes  and  ehan  at  Polgooth.^  8amt 
Martin's  and  Screeds  lodes  are  both  heax>ed  by 
ResUUing  great  ehan  rf  an  occurrence,  as  far  as  I 
know,  without  a  parallel  in  the  mining  districts. 

At  Restormel,  a  large  iron  vein  or  cross^ourse 
bears  about  15^  W.  of  N.,  and  dips  E.  70-85^;!  it 
is  from  2  to  4  fathoms  wide,  and  is  generally  in  two 
branches,  which  include  a  mass  of  slate  between 
them.  The  workings  on  it  have  been  extended  for 
more  than  two  miles  in  length,  but  nowhere  more 
than  10  fathoms  in  depth,  and  mostly  not  more  than 
3  or  4  fathoms.  Its  chief  produce  is  brown,  earthy- 
red,  and  hematitic  iron  ore,  much  mixed  with 
quartz ;  but,  in  some  places,  it  yields  large  quantities 
of  the  oxide  of  manganese.  It  abounds  in  v^hs,% 
which  are  lined  with  crystals  of  quartz,  and  of  hy- 
drous oxide  of  iron. 

Almost  the  whole  of  the  northern  and  western 
parts  of  this  district  yield  only  tin  ore ;  but  in  the 
eastern  portions  of  it  copper  ore  prevails,  which  is 
generally  in  the  state  of  copper  pyrites ;  but  native 
copper,  the  red  oxide  of  copper,  fahlerz,  buntkup- 
fererz,  vitreous  copper  ore,  and  some  of  the  still  rarev 

*  Mr.  Hawkins,  Cornwall  Geo.  Trans,  i.  p.  143. 

t  A  pretty  little  sketch  of  this  spot  may  be  fbtmd  in  the  Satnday  Magasiiie, 
II.  (1834)  p.  224. 

t  ''  A  considerable  quantity  of  this  iron-ore  has  been  exported  within  (he 
<<  two  or  three  last  years ;  it  having  been  found  not  only  very  productive,  but 
«  also  of  great  advantage  in  facilitating  the  reduction  of  the  clay  Iron  ore:  by 
'*  acting,  no  doubt,  as  a  flux,  its  siliceous  basis  uniting  witili  the  fdumina  of  the 
'*  other  ore."    Dr.  Boase,  CwmwdU  Geo.  trana,  iv.  p.  289. 

§  The  drusy  cavities  which  are  very  common  in  the  Udts  are  provincially 
called  vughSy  vogles,  or  creegs. 
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compounds  of  that  metal,  often  finely  crystallized, 
have  also  occurred  at  Crenms,  Pembroke,  East  Crenr 
nU,  and  Fowey  Consols.*  In  the  last-mentioned 
mine  the  sulphuret  of  bismuth  is  very  plentiful; 
generally  crystallized  in  the  cavities  which  are  fooad 
in  the  copper  pyrites. 

The  shoots  or  bunches  of  ore  all  dip  from  the 
granite;  and  as  this  rock  lies  mostly  to  the  weiit- 
ward,  the  eastern  parts  of  the  mines  are  commonly 
the  deepest. 

This  district  affords  more  stream-tin  ore  than  all 
the  rest  of  the  county :  it  always  occurs  in  a  rounded 
form,  the  masses  varying  from  the  size  of  the  finest 
sand  to  several  inches  in  diameter.  At  Pentuan,f 
the  tinrground  was  below  the  sea-level,  and  was 
chiefly  covered  by  layers  of  sea-sand  and  shells.  In 
the  stream  works,  in  the  more  elevated  parts  of  the 
neighbourhood,  the  tin  ore  rests  on  the  granite ;  and 
not  unfrequently  a  second  bed  of  tin  ore  reposes  on 
the  first,  from  which  it  is  separated  merely  by  a  bed 
of  disintegrated  granite :  and  these  are  covered  by 
two  distinct  layers  of  peat,  having  granitic  gravel 


«  <<  These  mines,  including  the  late  Lanescot  mine,  which  has  merged  into 
**  them,  have  realized  and  divided  a  profit  amongst  the  fortunate  shareholders 
«  of  £132,949  :  14  :  3  (to  the  end  of  1837)  after  repaying  the  original  outlay 
"  expended  in  bringing  the  mines  into  a  profitable  state  of  working,  together 
''  with  the  machinery  and  materials  now  on  the  mines,  which,  with  the  balance 
**  in  hand  for  carrying  on  the  same,  exceed  in  value  £50,000.'^ 

Mr.  Davis,  Mining  Review^  iv.  (31st  July,  1838)  p.  111. 

The  operations  at  the  surface  are  well  described  in  the  Saturday  Magazine, 
I.  (1834)  p.  40. 

t  Mr.  Smith,  Geo,  Trans,  iv.p.  404 ;  M.  Heron  de  Villefosse,  DelaRichesse 
Mineral,  ii.  p.  354 ;  and  Mr.  Colenso,  Cornwall  Geo.  Trans,  iv.  p.  29. 
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between  them,  the  whole  being  covered  by  deposi- 
tions from  the  present  streams.* 

The  scenery  of  this  district  is  remarkable  for  its 
variety ;  the  coast  is  indented  by  many  retired  sandy 
coves,  and  frequently  bordered  by  highly-cultivated 
and  well-wooded  low-lands.  The  valleys  which 
penetrate  into  the  moors  are  often  rich  and  beauti- 
ful, but  the  high-lands  present  the  same  characters 
of  wildness  and  sterility  which  I  have  already  so 
often  described. 


*  I  ha?e  described  tlieae  at  some  length,  Corawall  Geo.  Trans,  it.  p.  60. 

In  company  with  M.  Strom,  of  Bergen  in  Norway,  I  examined  the  Talley 
which  prooeedB  from  the  Lnxallion  stream-tin  works  to  Par.  On  seeing  the 
pebbles  of  the  various  schorl-rocks  which  occur  in  the  bed  of  the  tirer,  he 
instantly  recognized  them  as  companions  of  tin  ore,  from  their  resemblanoe  to 
the  rocks  which  accompany  that  substance  in  the  mines  of  Saxony  and  Bohemia, 
with  which  he  had  a  long  acquaintance. 
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THE    EASTERN,    OR    CALLINGTON     AND     TAVISTOCK 

DISTRICT, 

Comprizes  portions  of  the  parishes  of  Callington; 
Stoke  Climsland,  Calstock,  Tavistock,  Buckland 
Monachorum,  Sampford  Spiiiey,  Mary  Tavy,  Lyd- 
ford,  and  North  Bovey. 

It  consists  of  the  two  small  granitic  patches  at 
Kit  Hill  and  Gunnis  Lake,  and  the  western  part  of 
the  Dartmoor  granite,  with  the  slate  rocks  contigu- 
ous to  them.  The  most  westerly  granite  is  of  very 
small  extent,  and  merely  forms  the  summit  of  Kit 
Hill;*  the  next,  of  somewhat  larger  dimensions, 
touches  the  Tamar  near  Calstock  New-bridge :  the 
eastern  granite  is  that  of  Dartmoor,  which  does  not 
reach  so  far  westward  as  Tavistock  by  two  or  three 
miles. 

Although  all  the  granite  of  this  district  is  coarse 
grained,  and  contains  large  felspar  crystals,  yet  its 
texture  is  throughout  considerably  finer  than  that 
of  the  western  tracts :  its  components  are  felspar, 
quartz,  and  mica,  and  generally  too  with  a  large 
proportion  of  schorl,  which  last  is  occasionally  beau- 
tifully crystallized.  Like  that  of  the  other  districts, 
already  described,  it  is  frequently  traversed  by  veins 
of  schorl-rock  and  of  quartz,  and  these,  in  many 
parts,  afford  tin  ore,  with  which  is  mixed  an  unusual 
abundance  of  wolfram. 

*  Dr.  Bergcer,  from  his  barometrical  measarements,  states  the  height  of  Kit 
Hill  at  942,  but  the  Ordnance  Survey  makes  it  1067  feet  above  the  sea.  See 
Geo.  Trans,  o.s.  i.  p.  184,  and  Trigonometrical  Survey,  i.  p.  384. 

VOL.  V.  U 


132       W.  J.  Hbnwood,  on  the  MetalUferous 

At  Birch  Torr*  there  have  been  open  works  of 
some  extent^  on  small  veins  like  those  at  Saint  Just, 
Saint  Agnes,  and  Saint  Austell,  but,  as  they  unite  in 
depth,  this  mode  of  working  has  been  long  discon- 
tinued, and,  as  at  Beam,  it  is  now  mined  in  the 
ordinary  way  with  considerable  success,  and  is  at 
present  the  only  work  of  any  magnitude  on  Dartmoor. 

On  the  very  summit  of  Kit  Hill  there  is,  I  presume, 
a  similar  formation.  The  minef  was  stopped  before 
my  visit,  and,  of  course,  could  not  be  examined :  but 
I  observed  that  fragments  of  the  small  schorl-veins 
in  a  greenish  felspar,  as  well  as  tin  ore  and  wolfram 
in  fine  distinct  crystals,  covered  the  surface. 

The  granite  of  this  district  has  been  very  exten- 
sively quarried :  that  of  Hey-tor  is  removed  by  a 
railway  which  reaches  from  the  quarry  to  the  water- 
side at  Plymouth,  whilst  the  stone  from  the  fine 
quarry  at  Gunnis  Lake  is  sent  down  by  the  Tamar  : 
from  Pu-tor  the  neighbourhood  of  Tavistock  is 
supplied;  and  from  Kit  Hill,  Callington  and  its 
vicinity.J 

*  This  mine  is  several  miles  from  any  town  or  village^  and,  on  account  of  the 
desolation  of  the  place  and  the  severity  of  the  climate,  is  chiefly  worked  by 
labourers  who  have  absconded  from  other  districts  for  petty  offences.  So  scanty 
is  the  accommodation,  that  in  their  few  and  wretched  hovels,  I  am  informed, 
the  beds  never  cool ;  as  soon  as  one  occupant  leaves,  he  is  succeeded  by  another. 

The  machinery  is  worked  by  water,  and  in  roost  winters  is  frozen  up  for 
several  weeks. 

t  On  this  elevated  spot  a  wind-mill  was  erected  for  draining  the  mine,  and 
as  the  qaantity  of  witter,  as  usual  in  the  granite,  was  small,  the  workmen  were 
seldom  inconvenienced  by  its  accumulation  in  the  bottom. 

X  *'The  eastern  side  of  the  Hingston  granite  is  extensively  quarried,  to 
'^  within  a  short  distance  of  the  summit  of  Kit  Hill,  the  most  elevated  part  of 
''  this  range.  In  the  upper  part  of  these  quarries,  the  granite  is  divided  into 
'^  quadrangular  masses  by  distinct  and  somewhat  open  joints,  at  which  it  is 
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Crystalline^  compact^  and  lamellar  schorl-rock  oc- 
curs throughout  the  whole  district;*  as,  wherever 
tin  ores  are  abundant,  it  does  in  this  country.  I 
have  not  seen  any  junction  of  granite  and  slate  in 
the  district>f  but  the  transition  between  them  is,  for 
the  most  part,  through  the  medium  of  these  schorl- 
rocks,  which  are  compounds  of  schorl  with  quartz 
and  felspar  in  variable  proportions.  At  Roborough- 
rock  a  mixture  of  quartz  and  schorl  occurs  in  large 

*^  somewhat  discoloured  by  a  partial  decay  :  but  as  the  quarries  deepen  the 
*^  stone  becomes  perfect,  and  the  joints  are  no  longer  visible,  though  the  rock 
"  still  separates  into  regular  layers  which  are  inclined  towards  the  south. 
***  *  It  is  traversed  by  veins  of  fine-grained  granite,  and  by  large  quartz 
^  veins  frequently  abounding  in  shorl,  and  sometimes  with  mica." 

Dr.  Boasb,  Cornwall  Geo,  Trans,  iv.  p.  221. 
*  *'  In  some  cases  these  rocks  Are  compounds  of  decided  crystals  of  quartz 
*'  and  schorl ;  in  others  of  granular  combinations  of  the  same  ingredients » 
^  sometimes  of  particles  so  minute,  as  to  be  difiScult  to  distinguish  by  the  aid  of 
**  a  microscope,  forming  a  hard,  nearly  black,  stone ;  and  mostly  of  this  .black 
*^  variety,  striped  and  spotted  with  veins  or  crystals  of  white  quartz,  and  some- 
**  times  with  claystone  or  slate. '* 

Mr.  Prideaox,  Trans.  Plymouth  Institution^  i.  p.  25. 
t  "  Granite  crowns  the  summit  of  Kit  hill,  which  rises  gradually  from  the 
<'  banks  of  the  river  to  the  height  of  1400  (this  should  be  1067,  see  note,  ante, 
"  p.  131.)  feet,  and  the  same  rock  is  to  be  found  near  the  base  of  the  mountain, 
"  at  Gunnis  Lake  Copper  Mine,  near  New  Bridge,  and  again  a  little  higher  up 
**  the  stream,  at  a  place  called  the  Clitter," 

Mr.  Taylor,  Geo.  Trans,  iv.  p.  147. 
"  After  crossing  the  new  bridge,  between  Tavistock  and  Callington,  to  the 
*'  right  bank  of  the  Tamer,  we  again  find  the  granite  breaking  out  from  under  the 
"  slate;  the  junction  of  the  two  rocks  being  exposed  to  view  about  150  yards 
"  down  the  river.  The  fundamental  rock  does  not  occupy  a  country  of  any 
<<  considerable  extent ;  so  that  we  reach  its  termination,  and  again  descend  to 
*^  the  schist,  at  no  great  distance  from  its  commencement." 

Professor  Sedgwick,  Cambridge  Phil,  Trans,  i.  p.  95. 
"  Just  above  the  weir- head  of  the  Tamar,  is  *  ♦  ♦  Calstock  Granite ;  *  * 
''  it  is  the  easternmost  point  of  a  Cornish  range ;  dips  S.E.  by  S.  about  20"^ ;  is 
u  greyish  white  in  the  mass,  small  grained ;  of  limpid  quartz,  black  and  brown 
'^  silvery  mica,  spicula  of  black  schorl  and  grains  of  translucid  tourmaline,  with 
some  long  rhombs  of  felspar,  cemented  together  by  the  latter  substance  irregu- 
larly crystallized.  Reposing  on  this,  south,  is  slate  of  a  whitish  yellow 
*'  colour,  breaking  into  large  rhombs  ;  the  laminae  having  a  nodular  or  uneven 
'*  surface,  not  clearly  micaceous." 

Mr.  Prideaux,  Trans,  Plymonth  Institution,  i.  p.  27. 
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quantities.*  A  similar  kind  of  rock  prevails,  for  a 
short  distance,  near  both  of  the  western  patches  of 
granite ;  but  there  it  is  in  general  soon  succeeded 
by  a  pale  brown,  or  buff-coloured  micaceous  slate, 
such  as  may  be  seen  in  the  way-side  near  where  the 
Stoke  Climsland  road  leaves  the  Callington  and 
Tavistock  turnpike.f 

The  slate  formation  of  this  neighbourhood  is  ,of 
such  extent  and  variety,  and  is  so  connected  with 
rocks  which  have  few  if  any  relations  to  the  metal- 
liferous deposits,  that  I  shall  scarcely  be  able  to  give 
much  precise  information  respecting  it. 

At  Medmoor,  on  the  west  of  Kit  Hill,  and  at 
W Ileal  Brothers  and  Wheal  Saint  Vincent,  on  the 
east,  the  slate  is  a  pale  blue  and  thick  lamellar,  and 
dips  S.W.  in  the  first  locality,  and  S.E.  at  the  others. 
Near  Haye  there  are  some  quarries  of  a  deep  blue 
roofing-slate;  its  laminae  dip  S.W.  and  its  joints 
bear  nearly  E.  and  W. 

The  slate  which  divides  the  Kit  Hill  granite  from 
that  of  Gunnis  Lake  is  probably  only  a  thin  super- 
ficial covering  on  the  granite :  it  is  coarse  grained, 
micaceous,  and  of  a  brick-red  colour,  in  some  places 
compact,  and  in  others  very  fissile.  Many  veins  and 
beds  of  laminated  and  compact  schorl-rock  occur  in 


*  <<  It  consists  of  quartz,  slaty  laminae,  iron  ochre  and  schorl ;  forming  a 
**  caple  of  the  miners,  and  appears  to  be  a  vein  pervading  the  slate;  «  «  «  « 
**  it  runs  nearly  westward  across  the  down,  exhibiting  the  general  dip  of  the 
^*  neighbourhood,  though  probably  not  twenty  feet  wide/' 

Mr.  Pridbaux,  Ttom,  Plymouth  Institutienf  i.  p.  80. 

t  Mr.  Prideaux  describes  such  a  rock  as  in  contact  with  the  gpranite  at  Meavy, 
Shaugh,  &c., — Ibid,  p.  23. 
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it,  and  the  common  is  thickly  strewed  with  their 
debris. 

At  Drake  Walls  the  slate  is  deep  blue,  and  of  a 
silky  lustre ;  several  lodes  have  been  worked  in  it, 
and  have  afforded  large  quantities  of  tin  ore :  the 
rock  is  everywhere  traversed  by  small  veins  of  this 
mineral,  like  those  of  Polberrow,  the  strings  of  cop- 
per ore  in  slate  at  Wheal  Music,  and  of  tin  ore  in 
granite  at  Carclaze  and  Balleswidden,  which  have 
been  already  noticed. 

Subordinate  to  the  same  granite  are  the  well- 
known  Mor well-rocks,  on  the  opposite  side  of  the 
Tamar:  they  are  in  general  of  a  hard  quartzose 
hornblende  slate,  and  dip  towards  the  north-east.* 

On  the  southern  and  western  sides  of  Tavistock 
the  slate  is  extremely  fissile  and  decomposing,  the 
cleavage  dips  S.,  and  in  general  it  has  a  purplish 
tint ;  it  is  well  exposed  by  the  cuttings  in  the  Cal- 
lington  and  Launceston  roads,  and  near  the  toll-gate 
on  the  Moreton  turnpike. 

The  shades  of  transition  between  this  thin-bedded 
purple  slate,  and  the  dark  blue  slate  which  prevails 
at  Wheal  Friendship  and  Wheal  Betsyf  on  the  north- 
west, and  at  Grenofen,  Wheal  Franco^  Crowndale, 
and  Virtuous  Lady  on  the  south  and  south-east,  are 
not  discernable.  At  all  these  places  the  usual  dip 
of  the  cleavage  is  S.  and  S.W.,  and  the  direction 
of  the  joints  within  a  few  degrees  of  E.  and  W. 

*  '^  Morwell  rocks^  are  very  hard  primitiye  slate,  and  having  in  some  parts 
'^  a  striated  or  fibrous,  in  others  a  sort  of  glimmering  speckled  appearance.*' 

Mr.  Prideaux,  Trans.  Plymouth  Institution,  i.  p.  27. 

t  Mr.  De  la  Beche  considers  that  carbonaceous  deposits  occur  here. — Report 
on  the  Geology  of  Cornwall,  &c.,p.  109. 
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Towards  the  Dartmoor  granite  there  is  commonly 
a  massive  crystalline  hornblende  rock^^  which  some- 
times, but  not  often,  contains  a  little  felspar,  and,  in 
some  places,  granules  of  carbonate  of  lime.  Cock's- 
tor  is  almost  wholly  composed  of  hornblende-rock, 
which  is  continued  as  far  westward  as  Tavy  Cottage 
and  there  is  concealed  by  the  vegetation.  In  general 
this  rock  is  coarse  grained  and  crystalline,  and  some, 
times,  though  rarely,  it  has  an  irregular  cleavage,  as 
near  Hazeldon.  Opposite  Ferrum  Hill,  in  a  quarry, 
it  is  fine  grained  and  crystalline  with  an  amygdaloidal 
structure ;  the  contained  mineral  is  carbonate  of 
lime,  which,  mixed  with  quartz,  also  abounds  in  small 
veins,  and  is  sometimes  finely  disseminated  through 
the  rock. 

The  same  rock  again  appears  at  South  Brentor, 
and  there  it  also  contains  carbonate  of  lime ;  but 
this,  where  the  rock  is  weather-worn,  has  been  de- 
composed and  dissolved,  and  the  remainder,  from  its 
colour  and  appearance,  obtains  the  local  and  not 
inappropriate  name  of  honey comhe-dur^tone. 

The  nature  of  the  connexion  between  the  horn- 
blende rocks,  and  the  deep  blue  and  purple  slates, 
and  between  both  of  them,  and  the  gritty,  quartzose, 
thick-flaggy  rock  into  which  they  respectively  pass 

*  '^  It  is  almost  pure  hornblende,  in  different  degrees  of  compactness,  and 
^'  consequently,  of  specific  gravity.  At  Cock's-tor,  and  White-tor  it  comes  in 
^'  contact  with  clay-slate— at  Brasen-tor,  with  granite.  Clay-slate  occupies 
-'^  the  western  side  of  Cock's-tor,  and  forms  a  ridge  near  the  summit,  where  it 
''  comes  in  contact  with  the  trapp.  This  ridge  still  preserves  its  laminar  struc- 
"  ture,  but  instead  of  its  argillaceous  aspect,  has  assumed  that  of  flint,  and 
<<  gives  fire  under  the  hammer.    In  many  places  it  is  become  ribband  jasper." 

Mr.  Prioeaux,  Tnxna,  Plymouth  Instituium,  i,  p.  86. 
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on  the  western  side  of  Black  Down,  are  concealed 

by  the  soil. 

A  quartzose  sandstone  appears  on  Heathfield,  and 
at  Brentor  it  rises  into  the  conical  hill  on  whose 
summit  stands  the  church*  which  is  so  conspicuous 
as  a  land-mark. 

Where  the  weather  has  degraded  this  rock,  cer- 
tain globular  masses  seem  to  be  less  affected  by 
decomposition,  and  in  great  numbers  stand  out  in 
relief,  although  there  is  no  other  visible  difference 
between  them  and  that  portion  which  has  yielded  to 
atmospheric  action.f 

An  elvan-course  occurs  at  Ecist  lascombe,  and 
may  be  traced  in  Morwell  DownJ  a  few  yards  north 
of  the  toll-gate  (where  it  is  much  decomposed),  and 
again  in  the  bed  of  the  Tavy,  near  where  the  waste- 
water from  the  canal  falls  into  that  river ;  its  course 
eastward  I  have  not  pursued.  Elvan  is  largely 
quarried  on  the  road-side  near  Grenofen,  and  in 
several  spots  south  of  the  Walkham  river,  on  the 

*  Notwithstanding  this  is  an  isolated  hill,  the  churchyard  is  at  times  a 
complete  swamp. 

t  "  Brent  Tor,  north  from  Tavistock,  is  particularly  remarkable,  as  a  con- 
''  glomerate  there  occurs  some  of  the  constituent  parts  of  which  have  every 
''  appearance  of  yolcanic  cinders,  an  infiltration  of  siliceous  and  other  matter 
'^  having,  during  the  lapse  of  ages,  filled  the  vesicles  of  the  cinders.  The  dip 
'^  of  the  strata  in  that  part  of  the  country  not  being  so  considerable  as  it  usually 
*'  is  in  the  district,  these  beds  can  be  traced  for  some  distance,  and  are  obsenred 
'*  to  fine  ofif  in  a  remarkable  manner  into  the  arenaceous  trappean  rocks." 

Mr.  Db  la  Beche,  Researches  in  Theoretical  Geology,  p.  385. 

X  This  is  probably  the  northern  series  of  porpheries  B,  D,  F,  in  Mr.  Taylor's 
Section  of  the  Canal  through  Morwell  Down,  Geo.  Trans,  o.s.  iv.  p.  152,  and 
PI,  VIII.    See  also  Mr.  Prideaux,  Trans.  Plymouth  Institution,  i.  p.  29. 
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north-west  side  of  Roborough  Down ;  I  am  unac- 
quainted with  its  westerly  course.* 

Not  far  from  the  water-course  which  crosses 
Roborough  Down  is  another  eh>an,\  long  wrought 
for  building  materials. 

All  these  appear  to  bear  a  few  degrees  S.  of  W., 
and  the  dip  of  the  former  two,  (judging  from  Mr. 
Taylor's  Section),  is  towards  the  north.  They  are 
mostly  a  mixture  of  felspar  and  quartz,  and  contain 
large  crystals  of  felspar,  and  many  small  double- 
pointed  ones  of  quartz,  as  well  as  a  great  deal  of 
schorl:  in  the  quarry  at  Grenofen  there  may  be 
observed  some  mica  also. 


*  The  direction  would  bring  this  directly  in  the  line  of  Mr.  Taylor's  southern 
series  of  porphyries,  K,  M,  N ,  in  the  Description  and  Section  before  mentioned. 
Mr.  I'rideaux  describes  (Trans.  Plymouth  Institution,  i.  p.  SO.)  a  porphyry  at 
Harewood,  which  is  on  the  same  run  westward,  but  this  1  have  not  seen. 

<'  In  the  valley  through  which  the  little  river  Walkham  flows,  and  near  the 
''  point  at  which  it  falls  into  the  Tavy,  a  remarkable  change  of  strata  ocoun, 
«  *  «  «  a  considerable  cluster  of  detached  masses  of  granitic  rocks,  which 
''  are  piled  on  each  other  in  the  most  picturesque  manner,  form  a  lofty  and  steep 
"  bank  to  the  river. 

**  The  situation  of  these  rocks  would  point  out  a  connexion  between  them 
*'  and  some  of  the  beds  or  veins  of  porphyry  which  are  described  as  occurring 
''  in  the  tunnel  through  Morwel  Down ;  the  line  of  their  direction  would  lead 
*'  us  to  this  point,  and  the  inference  is  strong  that  it  is  a  part  of  one  of  them." 

Mr.  Taylor,  Geo,  Trans,  o.s.  it.  p«  147. 

t  *'  Running  from  nearly  opposite  Hoo  Meavy  to  Bickham,  is  a  bed  of 
*'  singular  porphyry,  with  no  defined  dip ;  bowlders  of  which  are  strewed 
''  about  the  down  so  extensively,  as  to  have  acquired  for  it  the  name  of  *  Robo- 
'* '  rough  Down  stone.'  It  is  almost  white  on  fresh  fracture,  becoming  brown 
'^  by  the  weather,  and  is  full  of  small  cavities,  *  *  *.  It  is  thinly  dissemi- 
''  nated  with  minute  crystals  of  limpid  quartz ;  and  the  cavities  which  appear 
'^  to  be  cubical  when  regularly  formed,  contain  in  some  instances,  remains  of  the 
^'  matter  with  which  they  were  originally  filled.  The  cement,  forming  nine- 
''  tenths  of  the  stone  has  an  earthy  fracture ;  yields,  when  scraped,  a  powder 
'^  sparkling  with  a  micaceous  aspect ;  and  is  very  imperfectly  fusible  before  the 
'^  blow-pipe.  It  is  perhaps  mica,  in  a  very  fine  granular  form ;  if  sach  an 
**  appellation  be  permitted." 

Mr.  Prideaux,  Trans,  Plymouth  InatUutumf  i.  p.  80. 
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In  the  foregoing  slight  sketch  of  the  rocks  asso- 
ciated with  the  metalliferous  deposits  of  this  district^ 
I  have  purposely  abstained  from  all  allusion  to  those 
on  the  south  which  are  connected  with  the  Plymouth 
limestone^  and  as  much  as  possible  from  remarks  on 
the  arenaceous  rocks  of  Brentor. 

The  directions  of  the  lodes  are  generally  a  few 
degrees  S.  of  W.^  but  some  of  them  bear  rather 
N.  of  W.  For  the  most  part  they  dip  towards  the 
norths  though  a  few  have  an  opposite  inclination. 

Cross-courses  are  very  numerous,  and  their  hewoes 
rather  considerable :  at  Wheal  Betsy  and  Redmoor, 
which  are  both  in  slate^  they  have  yielded  large 
quantities  of  galena^  mixed  with  carbonate  of  iron. 

In  granite,  tin  ore  is  the  chief  product  of  the 
lodes :  at  Kit  Hill  wolfram  is  plentifully  mixed  with 
it,  and  at  Birch  Torr  it  is  accompanied  by  large 
quantities  of  specular  iron.  In  some  parts  of  Wheal 
Friendship  and  in  Drake  Walls,  which  are  wholly 
in  slate,  tin  ore  has  occurred ;  but  in  the  former  it 
was  not  very  abundant,  and  was  attended  by  tung- 
state  of  lime. 

Copper  ores,  chiefly  in  the  state  of  pyrites,  have 
been  found  in  the  lodes  of  Wheal  Friendship,  Wheal 
Franco,  Redmoor,  and  Wheal  Robert,  which  are  all 
in  slate:  and  also,  formerly,  in  the  same  rock  at 
Croumdale,  Wheal  Crehor,  and  other  mines  now 
abandoned.  Native  copper,  the  red  oxide,  green 
carbonate,  and  other  rarer  compounds  of  the  same 
metal,  with  vitreous  and  black  copper  ore,  have  been 
abundant  in   Gunnis  Lahe,^   which  is   worked   in 

*  Fine  crystals  of  uranite  have  been  abundant  in  this  mine. 
VOL.  V.  X 
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granite.  A  sort  of  metalliferous  bed,  coDtaining 
copper  pyrites,  with  carbonate  of  iron,  chlorite,  and 
quartz,  occurs  at  Virtuous  Lady^  ( PL  xi.  fig.  1) :  it 
bears  about  20^  S.  of  W.,  dips  N.  10-16°,  and  varies 
from  a  few  inches  to  20  or  30  feet  in  thickness. 
The  ores  are  distributed  in  the  most  irregular  man- 
ner; sometimes  large  masses  occur  in  the  quartz, 
and  soon  split  into  strings ;  frequently  these  again 
expand,  though  not  a  few  of  them  dwindle  entirely 
away.  Numerous  ramifications  of  quartz  extend 
into  the  slate,  which  near  the  bed  contain  many 
large  and  well-defined  cubic  crystals  of  iron  pyrites, 
often  imbedded  in  carbonate  of  iron.  The  workings 
on  the  south  open  to  the  surface,  and  their  dimen- 
sions underground  are  about  100  fathoms  long  by 
80  wide,  the  greatest  depth  is  15  fathoms.  The 
cleavage  of  the  slate  in  which  it  occurs  dips  S. 

Galena,  mixed  with  vitreous  and  red  silver  ore, 
and  with  native  silver,  has  been  found  in  the  lodes  of 
Wheal  Brothers  and  Wheal  Saint  Vincent. 

About  a  mile  S.W.  of  Callington  the  oxide  of 
manganese  has  been  much  sought  for,  but  with  little 

*  For  the  rariety  and  beauty  of  its  specimens  it  surpasses  any  mine  in  the 
district :  carbonate  of  iron  is  here  found  in  the  spathose  form,  and  in  hollow 
cubes  formed  on  fluor,  as  appeared  by  a  specimen  still  retaining  that  substance, 
v^hich  was  shewn  me  by  Captain  Martyn  ;  these  again  are  lined  with  crystals 
of  quartz,  and  studded  with  those  of  copper  and  iron  pyrites.  A  most  remark- 
able form  of  the  carbonate  of  iron  is  peculiar  to  this  mine :  it  consists  of  thin 
plates  the  ends  of  which  have  the  figures  of  pointed  arches,  and  their  edges 
are  usually  covered  with  crystalline  groups  of  the  same  mineral,  which  seem 
like  ornamental  borders.  The  carbonate  of  iron  usually  presents  a  crystalline 
face  on  one  side,  whilst  the  other  is  smooth,  and  seems  as  if  moulded  on  some 
other  substance :  both  sides  and  angles  are  spangled  with  crystals  of  iron 
])yrites.  The  plates  are  from  2  to  8  inches  long,  and  they  intersect  each  other 
in  the  most  irregular  and  capricious  manner. 

Small  crystals  of  an  undescribed  compound  of  titanium  are  also  abundant  in 
he  chlorite. 
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success :  the  rock  is  a  crystalline  mixture  of  hom-^ 
blende  and  felspar.  At  Hdgg's-tor^  in  the  parish  of 
Milton  Abbots  however^  in  the  neighbourhood  of  a 
similar  rock^*  this  mineral  has  been  raised  in  very 
large  quantities :  the  ore  is  in  short,  irregular^  vein-- 
like  patches,  mostly  accompanied  on  either  side  by 
veins  of  felspar-clay.  Some  manganese  has  also 
been  found  on  the  south  of  Brentor^  but  it  is  under- 
stood to  have  occurred  in  irregular  and  unconnected 
masses. 

Iron  ores  are  procured  in  abundance  at  Shaugh, 
and  near  Walkhampton. 

Stream-tin  ore  is  still  found  in  small  quantities  on 
Dartmoor,  accompanied,  as  usual  in  the  western 
streams,  by  minute  grains  of  gold ;  but  I  am  not 
aware  that  there  is  anything  peculiar  in  its  mode  of 
deposition. 

Except  its  rugged  cairnsf  nothing  relieves  the 
dreary  monotony  of  Dartmoor :  J  the  roads  over  it 


*  **  The  numeroas  situations  in  Devon  and  Eastern  Cornwall,  where  bandies 
''  of  manganese  occur,  are,  with  very  few  exceptions,  and  many  of  these  some- 
**  what  doubtful,  in  grauwacke,  near  greenstone  or  some  trappean  rock/' 

Mr.  De  la  Bechb,  Researches  in  Theoretical  Geology^  p.  219,  note. 

t  A  logan-rock  at  Staple-tor  is  very  remarkable,  as  it  requires  the  application 
of  a  counterpoise  in  order  to  its  being  moved  by  ordinary  human  force.  See 
Mrs.  Bray's  Borders  of  the  Tamar  and  Tavy,  i.  p.  240. 

t  "  In  the  year  1752,  on  the  23rd  day  of  February,  a  smart  shock  of  an 
*'  earthquake  was  felt  at  many  places  on  the  moor,  and  in  its  immediate  neigh- 
''  bourhood — Manaton,  Moreton  Hampstead,  and  Widdecombe.  In  the  last- 
"  named  village  some  houses  were  injured,  and  one  of  the  pinnacles  of  the 
''  tower  of  the  church  was  thrown  down.''    Ibid,  p.  310, 

On  Friday  the  20th  of  October,  1837,  at  about  2  o'clock  in  the  afternoon,  a 
similar  shock  was  experienced  at  Camelford,  North  Hill,  and  Liskeard,  in 
Cornwall ;  and  at  Mary  Tavy,  Peter  Tavy,  Buckland  Monachorum,  and  North 
Bovey,  in  Devon.  In  all  cases  there  was  a  tremulous  motion  of  the  earth ;  in 
gome  spots  the  windows  of  the  houses  were  shaken,  and  in  others  the  earthen- 

x2 
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are  few,  and  the  mists  (locally  called  goUars)  so 
frequent  and  dense,  that  tourists  usually  content 
themselves  with  its  outskirts,  and  seldom  visit  its 
recesses :  where  its  peat-bogs  and  morasses,  which 
seem  to  be  principally  formed  on  elevated  grounds, 
yield  abundance  of  excellent  fuel,  and  its  rills  and 
marshes  afford  shelter  to  the  young  of  the  snipe,  the 
wild-duck,  the  teal,  and  other  wild-fowl.  It,  how- 
ever, gives  plentiful  summer  pasture  to  sheep  and 
young  cattle. 

But  the  most  varied  and  enchanting  combinations 
of  hill  and  dale,  wood  and  water,  adorn  the  low-lands 
and  vales ;  and  neither  language  nor  even  the  pencil 
can  do  justice  to  their  exceeding  beauty. 


ware  and  glass  on  the  sheWes  were  jingled  together.  At  Camelford,  Mary 
Tavy,  and  Peter  Tayy,  it  was  accompanied  by  a  sound  which  was  described  by 
some  as  resembling  that  of  a  heavy  cart,  and  by  others  as  like  die  rattUog  of 
stones.  The  labourers  onderground  in  Wheal  Friendship,  Wheal  Franco,  and 
Birch  Torr,  were  alarmed  by  a  noise  which  they  imagined  to  have  proceeded 
from  the  destnictioD  of  the  pumping  machinery,  or  the  falling  together  of  the 
mining  excavations,  and  left  their  work  in  dismay.  The  weather  at  the  time 
was  unusually  clear  and  serene.  No  displacement  of  die  rocks,  or  veins,  or 
other  consequences  appear  to  have  attended.  See  the  Cornwall  Royal  Gazette 
newspaper,  27th  October,  and  3rd  November,  18S7. 

A  shock  of  an  earthquake  is  said  to  have  been  felt  at  the  Scilly  Islands  on 
the  2l8t  January,  1839,  and  an  account  of  it,  by  the  Rev.  George  Woodley, 
was  read  before  the  Royal  Society,  on  the  7th  February,  1839. 
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RECAPITULATION. 

le  object  of  this  Paper  is  to  describe  the 
erous  deposits^  I  abstain  from  taking  more 
of  the  rock-formations  of  the  countcy  than 
^lations  to  the  veins  render  indispensable; 
o  so  the  more  readily^  as  the  admirable  pub- 
s  of  my  friend  Dr.  Boase  on  the  Geology  of 
lU  generally/  as  well  as  the  excellent  Memoirs 
'essor  Sedgwick^  and  others  on  various  por- 
it,  the  outline  contained  in  Mr.  De  la  Beche's 
rt/'^  and  the  observations  in  the  preceding 
lave  rendered  further  details  less  necessary. 

THE    GRANITE. 

e  are  five  principal  masses  of  granite  of  large 
viz.,  1st,  in  the  Saint  Just  and  Saint  Ives 

5 ;   2nd,  at  Gwennap,  Crowan,  &c. ;  3rd,  in 

nt  Austell  district;  4th,  at  the  Bodmin 
and  dtb,  Dartmoor.    The  same  rock  also  oc- 

nine  smaller  tracts;  viz.,  1st,  Saint  Michael's 
2nd,  Tregoning  and  Godolphin  Hills ;  3rd, 

!rea  ;  4th,  Cairn  Marth  ;  5th,  Cligger-point ; 


I  Geo.  Trans,  iv.  p.  166,  and  Primary  Geology :  London,  1834. 

2  Cambridge  Phil.  Trans,  i.  pp.  89-291. 
on  the  Geology  of  Cornwall,  Devon,  and  West  Somerset:  London, 
}  publication  reached  me  (Feb.  1839),  "whilst  my  observations  on  the 
strict  wore  passing  through  the  press. 
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6th,  Belovely  Beacon ;'  7th,  Castle-an-Dinas  f  8th, 
Kit  Hill ;  and  9th,  Gunnis  Lake. 

At  great  depths  all  these  are  probably  united,  as 
in  every  case,  except  that  of  Cligger-point,  their 
dimensions  enlarge,  and  they  spread  out  beneath  the 
slates  as  they  descend :  they  have,  therefore,  been 
appropriately  likened  to  islands  of  granite  rising  out 
of  an  ocean  of  slate.'  The  peculiar  appearances  at 
the  junctions  of  the  two  rocks  will  be  presently 
noticed ;  here  it  is  sufficient  to  mention  that  beds  of 
granite  sometimes  interlie,  and  veins  of  it  penetrate 
the  slate  in  all  directions,  but  in  general  these  are  of 
small  size,  and  seldom  continue  far  from  the  central 
granite. 

The  composition  of  the  granite  and  of  the  massive 
rocks  subordinate  to  it,  and  with  which  it  is  asso- 
ciated, is  very  various;  but,  in  all,  the  principal 
ingredient  is  felspar,  generally  united  with  quartz, 
and  mica,  and  often  with  schorl.  Talc  and  chlorite 
are  occasionally  substituted  for  these  last. 

The  ordinary  structure  is  an  irregularly  crystalline 
basis  of  felspar,  quartz,  and  mica,  mostly  with  some 
schorl  also,  and  enclosing  large  and  distinct  (por- 
phyritic)  crystals  of  felspar.  The  Cornish  granite 
is,  for  the  most  part,  coarse  grained,  but  in  this 
respect  it  differs  considerably  in  various  places ;  for 
example,  that  of  the  Saint  Just^  and  Saint  Ives^  dis- 
tricts has  a  much  coarser  texture  than  any  other, 
whilst  at  Tregoning  and  Godolphin  Hills^  it  is  usually 

1  Mr.  De  la  Beche,  Report,  p.  156.      a  Ibid,  p.  156.      8  Dr.  Boase,  Cornwall 
Geo.  Trans,  iv.  p.  365.     ^  Ante,  p.  7.     ^  Ibid,  p.  16.     6  Ibid,  p.  4S. 
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much  finer.  In  the  other  tracts  the  granite  is  por- 
phyritic^  but  the  crystals  of  felspar  are  much  smaller 
than  in  the  western  districts. 

In  the  immediate  vicinity  of  the  lodes  at  Parh- 
nofvoeth}  Wheal  Cunning^  Balnoon^  the  Saint  Ives 
ConsoUy  Great'Worh^  Dolcoath^  CooVs-kitcheny 
Wheal  BulleVy  and  at  some  other  places^  the  portion 
of  felspar  in  the  basis  is  not  unfrequently  an  ash- 
green  colour,  sometimes  of  buff,  fawn,  or  pale  pink, 
and  now  and  then  of  a  deep  crimson,  passing  into 
brown ;  the  enclosed  crystals  have  also  some  of  these 
hues,  but  the  basis  and  the  crystals  are  seldom  of  the 
same  tint ;  and  the  bounding-planes  of  the  crystals 
are  not,  in  such  cases,  well  defined.  In  other  spots 
the  felspar,  both  of  the  basis  and  of  the  included 
crystals,  is  of  a  pearl-white  colour. 

Crystals  of  mica  and  of  schorl  are  sometimes  con- 
tained within  those  of  felspar ;  and  where  a  large 
plane  surface  of  coarse  grained  granite  is  exposed, 
it  is  by  no  means  uncommon  to  find  some  uniformity 
of  position  in  the  arrangement  of  the  felspar  crystals, 
which  may  have  been  assumed  by  some  influence  of 
polarity  at  the  moment  of  solidification.  At  Wheal 
Union^  and  Saint  Ives  Consols,^  there  are  examples 
of  this  kind 

In  the  ordinary  varieties  of  granite  the  quartz 
and  mica,  though  crystalline  in  their  characters, 
seldom  assume  definite  forms:  the  former  is  in 
general   pellucid  or  pearl-white ;    and  the  latter, 

1  Table vi.    ^Tableiii.    »  ilii«e,p.24.    4  Tablexvi.    5  Tablexliii    6  Tablet. 

7  Table  li.    8  Table  Iviii.    9  Table  xv. 
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white,  brown,  or  black.  Schorl  accompanies  every 
variety  of  our  granites,  and  may  be  detected  in  them 
in  numberless  places,  often  in  the  form  of  veins,  but 
frequently  also  in  distinct  crystals  aggregated  in 
radiating  groups,  and  sometimes  in  large  irregular 
lumps.  At  Wheal  BuUer^  chlorite  appears  to  replace 
the  mica,  and  at  Wheal  Speam^  East  Wheal  Da/nUr 
sel^  and  Stetma  Gwyn^  fluor  enters  into  the  compo- 
sition. At  Sancreed,  Towednack/  Breage,^  and  in 
the  Saint  Austell  district,^  talc,  in  a  great  measure, 
takes  the  place  of  mica.  This  variety  is  in  general 
much  more  decomposed  than  the  ordinary  granite  f 
it  is  quarried  as  china-stone,  and  prepared  as  chinor 
clay,  the  processes  for  which  I  have  already  de- 
scribed.^  Tin  ore  is  distributed  through  the  granite 
at  Ballesundden,^^  Raggy-rowal,"  Wheal  Vyvyan, 
Cligger-point,*^  the  Bunny^^  and  Carclaxe^*^  and 
becomes  one  of  the  ingredients  of  the  rock ;  and 
pinite  is  common  throughout  the  Saint  Just  district. 
The  common  coarse  grained  (porphyritic)  gvanite 
is  frequently  traversed  by  veins  of  a  similar  sub- 
stance, but  much  finer  texture,  as  at  Wheal  Cwming,^^ 
Park-noweth^^  Saint  Levan,"  and  Stythians  ;^®  these 

1  Table  Iviii.     2  Table  x.     s  Table  Ixiv.     4  In  the  Parish  of  Saint  Stephens. 

s  Ante^  p.  17.    6  Ibid,  p.  44.    7  Ibid,  p.  116. 
^  Dr.  Turner's  Lecture  on  the  Chemistry  of  Geology,  London  and  Edinburgh 
PhU.  Mag.  iii.  p.  21. 

This  fine  grained  granite  is  provincially  called  whet-gtoney  but  in  the  Saint 
Just  district  it  is  designated  goUan. 

9  Ante,  p.  117.     10  Ibid,  p.  15.     H  Ibid,  p.  53.     18  Ibid,  p.  94.    18  Ibid,  1». 

u  Ibid,  p.  119.    16  Table  iii.    W  Table  vi, 
17  Mr.  Came,  Cornwall  Geo.  Trans,  iii.  p.  216 :   MM.  Von  Oeynhaasen 
and  Von  Dechen,  Phil.  Mag.  and  Annals,  v.  (1829)  p.  245 :  Dr.  Boase,  Treatise 
on  Primary  Geology,  p.  21 :   and  Mr.  De  la  Beche,  Report,  p  171. 

Id  Ante,  p.  69. 
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are  usually  small^  and  are  curved,  contorted,  and  in 
all  respects  irregular.  Unconnected  spheroidal  con- 
cretions of  the  same  structure,  and  of  fine  grained 
schorl-rock,  are  also  often  imbedded  in  it. 

Veins  of  schorl,  associated  in  some  places  with 
felspar,  and  in  others  with  quart2,  and  often  con- 
taining tin  ore,  traverse  the  granite  of  every  mining 
district,  but  these  are,  in  general^  far  the  more  abun- 
dant near  its  junction  with  the  slate.  In  such  places, 
indeed,  there  prevails  a  sort  of  transition  between 
the  two;  in  the  granite  the  proportion  of  mica 
becomes  less,  and  that  of  schorl  increases :  and  this 
schorlaceous  rock  sometimes  consists  of  schorl  and 
quartz,  and  again  of  schorl  and  felspar,  and  often 
assumes  a  veined  structure.^  This  veining,  on  a 
large  scale,  passes  into  a  thick  lamellar  structure, 
which  now  and  then  becomes  schistose,  but  more 
frequently,  for  some  distance,  retains  the  large 
bedded  appearance  :  as  at  Carcla%e. 

Not  uncommonly,  however,  just  on  the  line  of 
j  unction,  the  granite  becomes  extremely  fine  grained, 
and  appears  to  contain  but  little  quartz :  the  slate, 
on  the  other  hand,  is  massive,  and  is  merely  distin- 
guishable from  the  granite  by  the  colour,  which  is  a 
dark  purple  or  dirty  green,  owing  generally  to  the 
presence  of  hornblende,  as  at  Mousehole ;  but  I 
believe  occasionally  of  actynolite,  as  at  Forth  Just ; 
or  of  chlorite,  as  at  Wheal  Buller? 


1  Prof.  Sedgwick^  Camb.  Phil.  Trans,  i.  p.  108^  &  Geo.  Trans.  N.8.  iii.  p.  484 : 
and  Dr.  Boase,  Cornwall  Geo.  Trans,  iv.  p.  242,  and  Treatise  on  Primary 
Geology,  p.  338.  2  Table  Iviii. 
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masses  at  CooVs-kitchen,^  Dolcoath^  Tincroft,  Wheal 
BuUeTy  and  Cligger-point,  are  in  general  of  the 
ordinary  texture ;  the  large  bed,  under  somewhat 
similar  circumstances  at  Wheal  Vor^  is,  however, 
quartzose,  and  one  of  those  at  CooVe-kitchen^  is 
rather  fine  grained. 

The  veins  of  granite  in  the  slate,  which  occur 
underground  in  BotaUack^  Wheal  EduKord^  Pro- 
vidence MineSj  Wheal  BuUery  CooTi s-TAtchenl 
BolcoatK  Tincroftf  Wheal  Vor^  and  Wheal  Tran- 
nack^  are,  for  the  most  part,  in  the  neighbourhood 
of  the  lodes,  by  which  they  are  usually  cut  off,  and 
on  the  opposite  sides  of  which  they  do  not  corres- 
pond. At  Wheal  Voty  the  bed  of  granite  which 
traverses  the  slate,  and  the  veins  striking  from  it 
towards  the  main  body  of  the  granite,  appear  only 
on  one  side  of  the  lade,  and  these  small  strings 
exhibit  the  phenomena  of  heaves  and  throws.  At 
Providence  Mines^  although  there  are  veins  of 
granite  on  both  sides  of  the  lode,  their  sizes  and 
positions  would  in  no  respect  correspond,  if  they 
could  be  brought  in  contact  In  the  same  mine,  and 
also  in  CooVs-kitchen^  the  joints  traverse  both  slate 
rocks  and  granite  veins,  and  cut  off,  and  apparently 
terminate  some  of  the  latter.  In  Wheal  Edward^ 
the  veins  appear  only  on  one  side  of  the  lode,  and 
in  Botallach^  a  granite  vein  accompanies  the  lode 
for  some  distance  into  the  slate.  At  Tincroft^  of 
three  granite  veins  intersected  by  a  cross-course,  two 

1  Table  li.    2  Table  1.    3  Table  lii.    4  Table  Iviii.    »  Table  xlv.    e  Table  vii. 

7  Table  v.    8  Table  xxi.    »  Table  xlvi. 
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of  them^  and  a  thin  body  of  slate  between  them»  are 
heaved;  whilst  the  third  vein,  which  is  simply  inter- 
sected, does  not  appear  at  the  surface,  but  is  first 
seen  at  25  fathoms  deep. 

At  Providence  Mines^  the  granite  veins  seem  to 
correspond  with  the  cleavage  of  the  slate,  but  such 
a  coincidence  is  unusual. 

The  granite  veins  are  usually  larger,  and  extend 
further  from  the  parent  rock  into  the  hornblende 
rocks,  and  into  the  purple  slates,  than  they  do  in  any 
other  varieties  of  the  slate  formation ;  and  they  are 
mostly  smallest  in  the  schistose  rocks.  But  no 
general  rule  seems  applicable  to  the  bearings,  dips, 
and  compositions  of  the  granite  veins,  than  which 
nothing  can  be,  in  all  respects,  more  irregular. 

THE  SLATE  FORMATION, 

Rests  on  the  granite  at  an  angle  which  on  the  whole 
varies  but  little  from  45°,  there  are,  however,  some 
exceptions.  Thus,  at  Great-work^  the  angle  is 
70-80°,  and  the  inclination  is  even  reversed  for  a 
short  distance,  so  that  the  granite  rests  on  the  slate : 
the  interlying  beds  of  granite  and  slate  which  occur 
at  Dolcoathy  CooH s-hitchen}^  Tincroft^  WhealBuller^ 
and  Cligger-point,^  and  the  veins  of  granite  which 
traverse  the  slate  in  these,  and  in  many  other  cases, 
have  been  already  described.® 

1  Table  xxi.    2  Ante,  p.  50,  &  Table  xliii.    <  Table  1.    «  Table  li.    6  Table  lii. 

0  Table  Iviii.      7  Ante,  p.  96.      6  Ibid,  p.  14. 
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I  have  previously  mentioned  the  association  of 
schorl  with  felspar,  and  with  quartz:  these  often 
graduate  into  varieties  of  felspar  rocks,  which  are 
sometimes,  indeed,  almost  wholly  felspar,  but  in 
them  more  commonly  that  mineral  is  mixed  with 
hornblende,  or,  occasionally,  with  chlorite,  and  now 
and  then  it  alternates  with  a  mixture  of  schorl  and 
quartz. 

It  is  by  no  means  easy  to  describe  the  mineralogi- 
cal  composition  of  these  rocks  with  accuracy,  as 
the  proportions  of  their  various  constituents  are 
perpetually  varying,  even  whilst  their  other  general 
relations  remain  the  same :  indeed,  there  is  no  dis- 
trict of  any  considerable  extent  where  the  elements 
do  not  vary  in  character,  as  well  as  in  proportion. 
Thus,  the  greenstones  by  shades  pass  into  actynolite 
and  axinite  rocks :  with  these  chlorite  is  very  com- 
monly mixed,  and  near  the  granite  mica  and  talc  are 
also  often  associated ;  whilst  schorl,  or  some  similar 
mineral,  appears  in  a  very  irregular  manner,  giving 
the  whole  a  most  complicated  character.  It  may, 
however,  be  stated,  that  felspar,  schorl,  hornblende, 
chlorite,  and  mica,  are  the  prevailing  components ; 
and  their  mixtures  are  sometimes  compact,  and  at 
others  schistose. 

The  schorl-rocks  of  the  slate  series  are  most  pre- 
valent in  the  districts  where  tin  ores  abound :  as  at 
Wheal  Vor^  Poldory^  and  near  Saint  Blazey,® 

In  general  the  alternating  bands  of  quartz  and 
felspar,  and  of  schorl  and  quartz,  are  perfectly 

1  Table  xlv.  2  Table  Ixi.  '  AntCy  p.  180,  note. 
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distinct,  but  in  thickness  they  vary  extensively,  being 
sometimes  very  broad,  and  at  others  as  thin  i|s  a  sbeel 
of  paper.  This  lamination  is  capriciously  curved^ 
and  exhibits  most  extraordinary  contortiopSj,  which 
are  again,  not  uncommonly,  cut  through  and  heaved 
or  displaced  by  other  eccentric,  but  similar,  )^er9« 

The  structure  of  the  slate  near  the  granite  is  in 
general  compact,  but  in  this  respect,  as  also  in  the 
composition,  it  varies  in  diffeirent  districts.  Thus, 
in  the  Saint  Just,^  Saint  Ives,^  and  Tavistock^ 
districts,  the  felspar  is  mixed  with  hornblendej  and 
a  regular  and  undoubted  greenstone  prevails,  and 
actynolite,  axinite,  and  garnet,  are  not  uncommon. 
These  minerals  are  frequently  found  in  distinct  veins^ 
but  they  are  more  generally  mixed  with  felspar ;  but 
even  then  the  character  of  a  vein  very  often  occurs, 
producing  the  short  irregular  strings  of  actynolite, 
axinite,  and  garnet  rock,  as  may  happen,  which  are 
so  common  in  the  greenstones  at  the  Narrow-point,^ 
Wheal  Cock  Cairn,^  Lariggan-rocks,*  and  the  Greebe- 
rock  near  Marazion.* 

These  assume  various  tints  of  green,  purple,  violet, 
and  brown,  depending  on  the  nature  and  proportion 
of  the  mineral  mixed  with  the  felspar:^  and  the  veins 
often  contain  vughs  lined  with  crystals. 

These  hornblende  rocks  sometimes  occur  at  a 
distance  from  the  granite  :  as,  for  example,  in  East 

1  Ante,  p.  7.        9  Ibid,  p.  18.        3  Ibid  p.  136.        4  |bid,  p.  2a 
^  **  Some  of  the  compact  kinds  of  this  genus  are  very  beautiful^  having  a 
^  light  violet-coloured  basis,  ivhich  is  variegated  with  stripes,  and  marbled 
**  markings  of  the  dark  blue  speeies.'* 

Br.  Boas£,  Treati$e  on  Primary  Geology,  p.  44, 

z2 
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Wheal  Crqfty}  North  Roskear,^  Trevaskus^  and  in 
various  parts  of  the  Saint  Austell*  and  Tavistock^ 
districts. 

Near  Mousehole/  and  at  Breage,*  Crowan/  and 
Camborne/  occurs  a  brownish  purple  rock,  often 
variegated,  apparently  composed  of  felspar,  ^ith 
hornblende,  chlorite,  and  perhaps  other  analogous 
minerals,  as  well  as  a  little  mica  arranged  in  the  ill- 
defined  planes,  which  have  only  a  very  obscure, 
imperfect,  and  partial  cleavage,^  so  that,  as  a  whole, 
this  rock  may  be  considered  compact.^^ 

Where  chlorite  is  mixed  with  felspar,  forming  the 
slate  rocks  near  their  junction  with  the  granite,  the 
structure  is  generally  thick  and  lamellar;  and  in 
such  cases  the  felspar  is  frequently  decomposed  :  as 


1  Anie,  p.  61.  ''  In  driving  an  adit  towards  a  mine,  the  Old  Pool,  I  bdieTe, 
**  it  has  often  been  told  me,  that  it  (the  rock)  was  so  remarkably  compact  in  one 
''  place  as  immediately  to  turn  the  point  or  edge  of  every  tool,  so  that  it  was 
<'  found  impossible  to  drive  the  hole  deep  enough  to  employ  the  blast  by  gun- 
"  powder :  the  miner  was  compelled  little  by  little  to  pick  through  that  part  of 
<'  it,  in  doing  which  the  seat-board  was  not  once  moved  forward  during  the  space 
**  of  12  months."    Mr.  Wm,  Phillips,  Geo,  TroM,  o.s,  ii.  p.  133. 

3Jiit€,p,36.     S  Ibid,  p.  125.    4  Ibid,  p.  136.     5  Ibid,  p.  27      6  Ibid,  p.  51. 

7  Ibid,  p.  86.        8  Ibid,  p.  62. 

0  ''  The  rock,  in  question,  exhibits  various  shades  of  dark  blue  and  purple, 
**  sometimes  of  an  uniform  colour,  but  occasionally  with  dark  spots  or  patches 
<<  on  a  light  blue  basis ; — it  varies  from  hard  to  very  hard,  and  breaks,  though 
''  not  easily,  into  thick  plates  full  of  joints ;  its  surface  is  often  spangled  vrith 
''  a  micaceous  looking  mineral,  the  parallel  arrangement  of  which  imparts  to 
«  the  mass  a  laminated  structure." 

Dr.  Boase,  Cornwall  Geo.  Trans,  iv.  p.  390. 

10  « Inferior  Slate.  At  and  near  its  immediate  contact  with  the  granite 
**  appears  as  a  somewhat  indistinct  and  ill-characterized  gneiss,  in  some  beds  of 
"  which  the  felspar  so  far  predominates  that  they  have  been  termed  sUttyfeUfaar, 
«  •  •  •  i*be  brownish  purple  colour  by  which  it  is  almost  everywhere  dis- 
*'  tinguishable,  its  very  limited  extent,  and  its  gradual  passage  into  the  c<nmtton 
''  killas,  have  been  sufficiently  noticed  by  moat  recent  observers." 

Kbv.  J.. J,  CoMYBBARB,  Anwii»  qf  PkUo9ophy,  vi.  (1823)  pp.  S5-6. 
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at  Wheal  Duller ^^  Wheal  Unity  Wood^   and  Fawey 
Consols? 

Sometimes^  though  rarely^  a  schistose  rock  may 
be  seen  in  the  vicinity  of  the  granite :  as  at  Cligger- 
point/  Wheal  Coates^  and  Kit  Hill.^  In  these 
cases  it  is  micaceous,  and,  in  the  first,  consists  of 
felspar  and  white  mica,  with  some  traces  of  lami- 
nated schorl  and  quartz ;  and,  in  the  other  two,  of  a 
micaceous  felspar  rock,  which  abounds  in  iron  and 
turns  red  on  decomposition,  and  contains  patches 
which  have  plenty  of  schorl. 

Whatever  rocks  may  be  in  the  immediate  vicinity 
of  the  granite,  whether  greenstones,  purple  felspar- 
slates  (comuhianit^  and  proteolit^)^  schorl  rocks, 
micaceous,  chloritic,  or  clay-slates,  still,  at  a  greater 
distance  from  it,  a  schistose  clay-slate  generally  suc- 
ceeds. This  has  a  different  aspect  in  those  districts 
where  the  lodes  contain  tin  ores,  from  that  which  it 
takes  in  others  where  they  are  most  productive  of 
copper  ore.  In  the  former  it  is  usually  a  bluish- 
green  with  occasional  thin  white  layers, — yet,  some- 
times it  is  brick-red;  and,  though  schistose,  the 
structure  is  foliated  and  apparently  micaceous  with 
a  greasy  appearance,  whilst  its  cleavage  is  often 
very  uneven  :  as  at  Wheal  Vor^  Polherrow}^  Wheal 
Kitty }^  Polgooth}^  Drake  Walls,^^&c.    Where  copper 

1  Table  Iviii.    2  Table  Ixvi.    8  Table  Ixxxix,    *  Ante,  p.  96.    «  Ibid,  p.  100. 

6  Ibid,  p.  134. 

7  Dr.  Boase,  Cornwall  Geo.  Trans,  iv,  p.  390.        8  Ibid,  p.  394. 

0  Ante,  p.  51.         10  Ibid,  p.  101.        n  Ibid,  p.  101.        is  Ibid,  p.  125. 

19  Ibid,  p.  185. 
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ores  are  found  in  the  schistose  slates,  they  are,  on  the 
contrary,  generally  rather  soft,  of  an  homogeneous 
texture,  silky  lustre,  and  rather  thickly  lamellar 
structure.  The  prevailing  hues  vary  from  a  full 
hlue  to  pale  fown-colour,  or  yellowish-white :  as  at 
Wheal  Darlington,^  Binner  Downs^  United^  and 
Consolidated^  Mines,  Wheal  Leisure  and  Great 
Saint  George,^  Pembroke,^  East  Crennis!  Forney 
Consols,^  Wheal  Franco,^  Wheal  Friendship^""  &c 
In  many  cases,  however,  the  colours  are  red,  brown, 
or  very  dark  blue :  as  at  Ting  Tang^^  in  several 
parts  of  Saint  Agnes,^^  Petkbroke^  and  Wheal 
Friendship}^  Sometimes,  but  not  often,  the  cleavage 
is  curved  and  contorted,  and  though  a  thin-bedded 
purple  slate  occurs  near  Tavistock,^^  it  is  seldom 
very  schistose  in  the  metalliferous  districts.^^ 

Throughout  the  whole  of  the  slate  series,  quarts 
prevails  in  beds,  veins,  in  irregular  and  unconnected 
masses,  and  also  diffused  through  the  rocks :  many  of 
these  contain  the  ores  both  of  tin  and  copper,  of  the 
former  at  Polherrou^^  and  Drake  WaUs^^  and  of  the 
latter  at  Binner  Downs^  Wheal  Fortune  in  Breage, 
Wheal  Music}'    Wheal  Leisure,^  Pembroke,^   &c 


•^^"^■^^^ 


1  Table  xxiy.        9  Table  xxxix.       a  Table  Ui.         ^  Table9  Ixu.  and  liOii. 

0  Ante^  p.  102.        0  Ibid,  p.  125,        ?  Ibid,  p.  125.        8  Ibid,  p.  125. 
0  Ibid,  p.  135.     10  Ibid,  p.  135.    n  Table  Ix.     12  ilnt«,p.l01.     19  Ibid,  p.  185. 

1^  ^  It  woald  be  almost  impossible  to  conyey  by  words  the  precise  character 
**  of  the  slate  which  the  miner  prefers  for  oopper,  though  iti^  one  wl4eh  the  eye 
''  readily  seizes  after  a  little  practice*  That  which  he  prefers  for  tin  has  a 
''  different  aspect,  being  generally  more  dull  in  appearance,  darker  coloured, 
**  harder,  and  more  resembling  altered  slate,  which,  in  ftbct,  it  Arequeatly  seems 
*^  to  be/^       Me.  Db  la  Bschb,  JUiwrt^  p.  396, 

10  Ante,  p.  101.  l«  Ibid,  p.  It5.  n  Ibid,  p.  98. 
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These  small  metalliferous  strings  are^  as  already 
stated,  in  every  respect  similar  to  those  of  tin  ore  in 
granite  at  Balleswidden^  Carclaze^  and  the  Bumnf} 

At  Berland^  large  quantities  of  round  masses  of 
granite  of  various  sizes  are  completely  enclosed  and 
imbedded  in  the  slate^  and  neither  fissures^  vems,  nor 
indeed  any  channels  of  communication  subsist  be- 
tween them  and  the  lodes  or  rocks.  This  is  the  more 
remarkable  as  it  occurs  not  less  than  three  or  four 
miles  from  the  nearest  indication  of  granite  at  the 
surface. 

Somewhat  similar  unconnected  globular  masses  of 
granite  occur  at  49  fathoms  deep  in  Wheal  BvlUr^ 

Spheroidal  masses  of  slate  and  of  quartz  occur 
in  like  manner  in  the  slate  at  MelisHanf  «nd  a 
somewhat  similar  concretionary  structure  prevails 
near  the  lodes  in  DuffieW  and  Trevashus^  but,  in  the 
former  of  these,  some  of  the  nodules  are  of  ehany 
of  which  a  course  runs  within  a  short  distance.  The 
granite  vein  in  Tincrqft^  which  does  not  appear  at 
the  surface,  may  perhaps  be  classed  with  these 
concretions. 

In  1829  I  had  detected  the  remains  of  various 
corallines,  &c.,  in  the  thin-bedded  calcareous  slates 
of  Lower  Saint  Columb  Forth,  and  I  have  subse- 
quently also  found  encrinal  stems ;  these,  and  other 
organic  remains  at  Newquay^®  which  had  escaped  my 


1  Antey  p.  15.    a  Ibid,  p.  120.     8  Ibid,  p.  121.    ^  Ibid,  p.  36,  h  Table  xxxiv. 
6  Table  Iviii.     6  Table  xxxvi,    7  Table  xxxvii.    8  Table  xxxiv. 

»  Table  lii. 
^0  Among  others  I  have  been  shewn  what  I  believe  to  be  remaios  of  twfhmoUa. 
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notice,  have  been  more  recently  discovered  by  Mr. 
De  la  Beche.^  At  Forth  Island^  and  at  Trevelgue 
Common,  there  are  some  considerable  beds  of  lime- 
stone which  have  been  worked  for  economic  pur* 
poses/  but  as  little  care  was  paid  to  its  burning,  it 
was  sometimes  fused,  and  its  use  was  abandoned. 

The  occurrence  of  organic  remains  in  the  slates 
of  the  Saint  Austell  district  has  been  already  men- 
tioned.' 

The  thick-flaggy  beds  of  sandstone  which  occur 

at  Black  Down  and  Heathfield,  near  Tavistock/ 
probably  belong  to  a  different  series  of  rocks.     In 

the  same  neighbourhood,  Mr.  De  la  Beche  supposes 
that  the  culm-measures  thin  out  towards  the  south.^ 
The  planes  of  slaty  cleavage  almost  universally 
dip  from  the  granite,  and  the  various  layers  of  slate 
thus  irregularly  mantle  round  the  flanks  of  the 
granite  hills.  The  dip  of  their  lamination  is  seldom 
so  rapid  as  that  of  the  line  of  junction  with  the 
granitic  mass  beneath^  as  it  is  seldom  more  than  30°, 
and  is  mostly  less  than  20^,  whilst  that  of  the  granite 
usually  exceeds 40°.®  This  dip  seldom,  however,  con- 
tinues the  same  for  considerable  distances,  and  is 
even  reversed  within  small  tracts ;  owing,  perhaps, 

1  Report,  p.  86.  8  Cornwall  Geo.  Trans,  iv.  p.  261. 

9  Ante,  p.  125.  I  am  inclined  to  think  there  is  a  great  resemblance  between 
the  organic  remains  at  Lower  Saint  Columb  Forth,  Newquay,  &o.,  on  the 
north  coast,  and  those  of  Apple  Tree  and  Crennis  beaches,  Par,  Polkeriis,  &c., 
on  the  soudi. 

*  Ante,  p.  137.  «  Report,  p.  109. 

0  Were  the  laminae  of  the  slates  laid  horizontally,  though  they  would  thereby 
cover  a  larger  space  than  at  present,  they  would  not  fill  the  area  now  occupied 
by  the  granite.  No  troughs  in  any  of  our  granitic  ranges  contain  onoonnected 
patches  of  slate  within  them. 
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to  the  irregular  thickness  of  the  laminaQ  in  different 
places^  as  there  is  little  or  no  appearance  that  they 
have  undergone  mechanical  displacement/ 

The  alterations  in  the  characters  of  the  slate  rocks 
appear  to  take  place  at  right  angles  to  the  strike  of 
their  cleavage ;  and  hence  the  succession  of  their 
laminae  must  indicate^  if  anything  can  do  so,  the 
successive  periods  of  their  deposit. 

The  slate-rocks  of  every  kind*  are  traversed  by 
joints  or  planes  of  structure/  which  intersect  them, 
the  adjoining  granite,  and  all  other  rocks  and  veins, 
equally  without  interruption,  and  divide  all  into 
angular  masses.  The  general  configuration  which 
results  is  a  sort  of  rhomboidal  form,  but  a  third 
series  of  planes  often  intersects  these  diagonally, 
and  converts  them  into  triangular  blocks.  In  ano- 
ther part  of  this  Paper  I  intend  to  recapitulate  the 
directions  and  other  characters  of  the  joints ;  for 
the  present  it  may  therefore  suffice  to  say,  that 
though  they  have  often  considerable  regularity  of 
bearing,  they  are  frequently  curved. 

1  The  fossiliferous  rocks  at  Apple  Tree  and  Crennis  beaches,  and  at  Par,  are 
within  two  miles  of  the  granite ;  they  preserve  a  perfectly  regular  bearing  for 
several  miles,  and  are  nowise  deflected  or  forced  out  of  their  line  of  strike  by 
the  granite :  on  the  contrary,  the  beds  rather  appear  to  curve  slightly  towards  it. 

^  The  term  Killas  is  locally  applied  to  every  member  of  the  slate  series ;  and, 
in  fact,  to  every  rock  which  our  miners  cannot  identify  as  either  granite  or  elvan. 
It  is  therefore  evident  that  this  name  is  applied  to  rocks  of  very  different 
characters :  as,  for  example,  to  the  hornblende  slates  and  greenstones  of  Saint 
Just  and  Saint  Ives,  as  well  as  to  the  clay  slates  of  Gwennap,  Saint  Agnes, 
and  Saint  Austell.  The  Saint  Just  and  Saint  Ives  killas  would  generally  be 
known  in  the  other  districts  by  the  designation  of  iron  or  ire-stone, 

3  Provincially  called  queres, 
VOL.  V.  A  A 
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THE    ELVANS. 

As  much  confusion  has  resulted  from  the  uncertain 
and  contradictory  employment  of  this  term,  it  seems 
desirable  to  point  out  its  application  in  this  Paper. 

By  Elvan  I  intend  a  rock  possessing  the  same 
constituents  as  granite ;  which,  as  in  that  rock,  yary 
in  their  number  and  proportions,  of  which  the  struc- 
ture is  always  porphyritic.  It  is  always  a  subordi- 
nate rock,  passing  indifferently  through  all  others  in 
the  metalliferous  districts,  and  may  be  denominated 
a  vein  or  dyke  according  to  its  size,  which  is  ex- 
tremely variable. 

Some  elvans,  as  at  United  Mines,^  and  Polgooih,^ 
are  but  a  few  feet,  but  in  general  they  are  several 
fathoms  wide :  and  in  this  respect  the  same  elvem  is 
subject  to  very  great  changes  throughout  its  course ; 
as  at  Wheal  BuUer^  and  Wheal  Budnick.^ 

Their  directions  are  in  general  between  E.  and  W 
and  N.E  and  S.W.,  the  average  is  perhaps  about  20 
S.  of  W.  There  are  however  a  few  which  have  a 
very  different  bearing ;  as  at  Pra-sand,*  Parboial 
Ligger-bay,^  Cardrew  Downs^  United  Mines^  and 
Clizey-hill,°  all  of  which  strike  several  degrees  to 
the  northward  of  west. 

Their  dips  are  generally  less  than  those  of  the 
lodes^  and  may  average  from  40  to  60^ ;  and  many 
more  of  them  incline  towards  the  north,  than  to  the 
south. 

1  Table  Lxi.    2  Table  Ixxxv.    s  Table  Iviii.    *  Table Ixxxui.    f^  Anie^^,h\, 
6  Ibid,  p.  38.       7  Ibid,  p.  105.        8  Table  Ixviii.       »  AnUy  p.  126. 
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Both  in  direction  and  dip  they  suffer  many  flex- 
ures ;  as  at  Perth  Just/  M ousehole,®  Penzance 
Battery-rocks/  Swan-pool,*  Pulla/  Roshear^  Cairn 
Brea?  Ting  Tang^  White  Works,®  Creeg-quarry,^® 
Kerley-barrow,^^  Saint  Agnes,^^  Penhale,^^  Waler^ 
gate-hay^^  Clizey-hill,^^  Grenofen,^®  and  Monvell 
Down,^'  in  all  of  which  localities,  and  in  many  more, 
they  appear  at  the  surface :  in  the  first  four  on  their 
lines  of  bearing,  and  in  all  the  others  on  the  direction 
of  the  dip  also. 

The  ehan-courses  traverse  granite  and  slate  alike 
without  interruption;  and  their  character  varies 
with  that  of  the  rocks  through  which  they  pass. 
When  in  slate  they  generally  consist  of  a  compact 
basis  of  felspar  and  quartz,  often  containing  schorl, 
and  sometimes  a  little  felspar,  and  enclosing  porpby- 
ritic  crystals  of  the  latter,  which  have  frequently  a 
buff,  pink,  or  dove,  and  now  and  then  a  deep  crimson 
colour:  double-pointed  crystals  of  translucent  quartz, 
having  a  kind  of  vitreous  lustre,  are  also  very  com- 
mon. In  granite  they  are  generally  of  the  same 
materials    but  different  in    proportions,  and  also 


1  Dr.  Boase,  Primary  Geology,  pp.  173-178.        2  Ibid,  p.  173. 

3  Ibid,  p.  51 :    ante^  p.  30. 
4  Antey  p.  91  :  Dr.  Boase,  Cornwall  Geo.  Trans,  iv.  p.  315 :  &  Mr.  Thomas, 
Mining  Review,  No.  viii,  (June,  1836),  p.  275. 

5  Mr.  Thomas,  Ibid,  p.  275. 

fl  Professor  Sedgwick,  Cambridge  Phil.  Trans,  i,  p.  129 ;  anie^  p.  62. 

7  Ante,  p.  63.      8  Table  Ix.  &  ante,  p.  85*.     9  Ante,  p.  84.       lo  Ibid,  p.  82. 

11  Ibid,  p.  82. 
12  Rev.  J,  J. Cony beare, Geo. Trans,  iv.  p.  401 :  mie^  p.  103.       13  Ante^  p.  105. 
14  My  own  notes,  quoted  by  Dr.  Boase,  Cornwall  Geo.  Trans,  iv.  p.  261. 
Mr.  Do  la  Beche,  Report,  p.  179. 

15  Ante,  p.  126.       16  Ibid,  p.  137.       17  Ibid,  p.  137. 
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differently  aggregated :  here  felspar  and  mica  seem 
to  be  the  prevailing  minerals,  which  are  often  mixed 
with  some  schorl ;  whilst  the  double-pointed  crystals 
of  quartz  and  porphyritic  crystals  of  felspar  still 
abound,  and  the  rock  is  finer  grained. 

Their  general  aspect  is  however  very  dissimilar ; 
as  when  they  are  in  granite  they  resemble  that  rock 
much  more  closely  than  they  do  when  they  are  in 
slate.  This  difference  in  the  appearance  of  the 
elvan  is  not  easily  described,  but  nevertheless  it  may 
readily  be  detected  by  the  eye.  It  may  be  well  seen 
in  an  elvan,  one  of  those  also  seen  in  Dolcoath,^  in 
granite  near  Camborne  workhouse :  in  another  which 
occurs  at  68  fathoms  deep  in  the  granite  of  CooVs- 
kitchen^  (g) :  in  those  which  are  so  largely  quarried 
in  the  granite  on  the  south  of  Wheal  BuUer,^  and 
which  may  be  advantageously  compared  with  those 
in  the  slate  at  Wheal  Beaucham^  (a) :  and,  again^ 
at  The  Elvans  (an  abandoned  mine),  near  Penetru- 
thai:  the  last  are  continuations  in  the  granite  of  the 
elvan-^ourses  at  Pulla/  and  Tresamble,  and  which 
may  be  traced  still  further  eastward  in  Carnon-valley. 
In  all  these  their  character,  in  granite,  differs  most 
remarkably  from  that  which  the  same  courses  exhibit 
in  slate. 

Again,  there  is  also  a  very  considerable  difference 
in  the  same  elvans  when  they  pass  through  the 
various  members  of  the  slate  series ;  for  example, 
that  in  the  greenstone,  actynolite  and  axinite  rocks 

1  Tablel.&aiiie,p.63.      ^  Table  li.  &aji/e,p.63.      3  Table  l?iii.&aiireyp.81. 
4  Mr.  Thomas,  Mining  Review,  No.  viii.  (Jane,  1836),  p.  275. 
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between  Penzance  Pier^  and  the  Wherry  Mine^  is 
widely  different  from  any  which  occur  in  the  schist- 
c»se  (clay)  slates  of  Wheal  Darlington^  the  Marazian 
Mknesi^  GwaUcn,"^  and  Great  Wheal  Fortune.^  The 
Wherry  Mine  ehaif^  cannot,  indeed,  be  traced  with 
certainty  fax  eastward,  but  no  doubt  is  entertained 
tliat  it  is  one  of  those  in  the  mines  already  mentioned. 
A  difference  in  the  ag^^r^ation  of  the  various 
■dnerals  is  not  unfrequent  in  different  places^  and 
the  efeoji,  though  equally  crystalline,  is  sometimes 
gnuned  on  the  outside,  whilst  in  the  centre  it 
and  more  decidedly  porphyritic  in  charae^ 
ter:  but  this  difference  is,  in  general,  more  marked 
in  tliose  wliidi  traverse  the  crystalline  slates,  tiian  in 
otibers  which  intersect  the  sdnstose  and  more  bomO' 
gmeotts  members  of  the  same  series.  Tbe  diitiiie' 
lioB  here  pointed  out  win  become  "^ery  evident  on  a 
comparison  of  the  eloan  at  Praniand^  with  thoic  at 
the  min»  near  MMUzkm,  or  with  th^  Whaal  Vw 
ehmu^  an  whidi  are  in  tbe  same  neigbliourbM^ ; 
or  of  tbose  whidi  occur  in  tbe  gfet^mimw  at  Jfiojifl 
Wheal  Cr^fU/^  with  tbe  ek€ms  of  ^m^)^  w  Wh^^al 
Beamfdmmp,^  wfaidi  are  in  tameUar  ^day)  ftlai^^^  imA 
not  fiu*  apart. 

A  spberaida]  ftroctore  h  mm$mm  Mmmti  ih4f 
ehoks^  and  lat^  ps^rtkic^,  wbkb  \m¥H  m  44h4ff  4if^ 
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rock  by  concentric  bands  of  a  ferruginous  mineral, 
often  decomposed  into  a  sort  of  clay,  as  at  PuUa,' 
whence  some  fine  specimens  have  been  obtained,  and 
at  the  terminus  of  the  Hayle-railway  at  Redruth.^ 
In  these  globular  concretions^  however^  there  u 
frequently  a  difference  in  composition,  resulting 
from  the  presence  of  schorl,  the  mineral  which  also 
prevails  in  the  similar  aggregations  which  occur  in 
the  granite,  and  give  it  a  slight  resemblance  to  the 
orbicular  granite  of  Corsica.^ 

Innumerable  joints  traverse  the  elvans  in  all  direc- 
tions, dividing  them  into  small  irregularly  shaped 
blocks.  In  some  of  the  harder  and  more  quartzose 
varieties  these  joints  are  often  coated  with  a  ferru- 
ginous crust ;  and  in  the  softer  ones,  having  yielded 
to  decomposition,  they  are  filled  with  felspar  clay, 
and  at  Wlieal  Buller^  they  also  contain  thin  plates 
of  native  copper. 

Plumbago  (carburet  of  iron)  has  been  found  Id 
small  isolated  masses  in  the  elvans  at  Wheal  Wel- 
lington^ and  Restronguet ;°  and  copper  pyrites,  under 
similar  circumstances,  at  Wlieal  Buller.^ 

Beside  their  ordinary  components  which  have 
been  described,  some  ehan-^ourses  have  been  largely 
worked  in  different  places  for  the  metallic  minerals 
which  they  contain,  and  which  may,  perhaps  not  im- 
properly, be  termed  accidental  constituents.  Thus 
at  the   Wherry  Mine;  Parhola^  Relistian^  Wheal 

1  Mr.  Thunuis,  Mining  Ueview,  No.  viii.  (June,  1836),  p.  275. 

■i-  Anic,  p.  80.     8  Dr.  Boase,  Prim.  Geol.  p.  114.     4  Table  Iviii.  &«nif,  p.  81. 

•^  Anic,  p.  CI.       6  Mr.  K.  W.  Fox,  in  Mr.  Dela  Heche's  Report,  p,  182. 

7  Ante,  p.  31.        8  Ibid,  p.  38.        0  Ibid,  p.  38,  &  Table  ixxvi. 
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Vor,'  The  Elvans,  Wheal  Unity  WoodJ"  White- 
works/  Bissoe-bridge  Mine^  Wheal  Coates^  Polher- 
row^  and  Polgooth^  (and  perhaps  also  at  Wheal 
Bvdnick^)  the  body  of  the  elvan  has  been  removed 
for  the  tin  ore  with  which  it  abounds.^ 

The  mode  in  which  metallic  minerals  are  thus 
disposed  in  the  elvan-^ourses  is  not  always  the  same : 
at  the  Wherry  Mine^^  the  tin  ore  seems  to  be  in 
beds ;  at  Parhola}^  and  Polgooth^  in  small  irregular 
veins;  whilst  in  Wheal  Coated  it  was  often  as  a 
silicate  of  tin^  which  assumed  the  form  of  felspar 
crystals.*^  At  Wheal  Vor,^  White-works/  and  Pol- 
berrow,^  irregular  and  unconnected  masses  of  tin  ore 
were  distributed  through  the  elvan,  and  in  all  the 
other  instances  the  whole  mass  of  elvan  seemed  to  be 
penetrated  by  it,  as  is  sometimes  the  case  in  other 
rocks.^^  A  thick-bedded  schistose  structure  some- 
times appears  in  the  elvan  which  is  in  immediate 
contact  with  the  slate,  as  at  PuUa,^^  and  Kerley- 
barrow/*  but  this  is  rare. 

It  is  not  usual  for  the  strike  and  dip  of  elvan- 
courses  to  run  parallel  with  those  of  the  laminae  of 
the  schistose  rocks;  this  coincidence, however, occurs 
at  Herland^^  where  several  elvans  preserve  such  a 
parallelism.  The  walls  of  elvan-courses  are  usually 
far  more  regular  and  even  than  those  of  the  lodes  ; 

1  Antey  p.  53,  &  Table  xlv.    »  Ante,  p.  82,  &  Table  Ixvi.    8  Ante,  p.  84. 
4  Ibid,  p.  85*.    6  Ibid,  p.  100.    6  Ibid,  p.  104.    7  Ibid,  p.  126,&  Table  Ixxxv. 

8  Table  Ixxxiii.    0  M.  Fournet,  Etudes  sur  les  Depots,  M^tallif^res,  p.  182. 
10  Jne«,p,31.    11  Ibid,p.38.    i2Mr,S.  Davey,  Cornwall  Geo.  Trans,  iv.  p.  484. 

13  Ante,  pp.  15-53-72-101-120-132-135. 

H  Mr.  Thomas,  Mining  Review,  No.  viii,  (June,  1836),  p.  275. 

15  Ante,  p,  85*.        16  Table  xxxiv.  &  ante,  p.  39. 
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one  great  cause  for  this  seems  to  be  that  their  direc- 
tions often  coincide  with  those  of  the  joints  in  the 
rocks ;  a  conformity  which  is  very  evident  in  the 
rutting  at  Clizey-hill/  and  in  the  cliffs  at  Penhale.' 

Veins  often  strike  off  from  them  into  the  contigu- 
ous rocks^  of  which  there  are  good  examples  at 
Wheal  BuUer^  the  Consolidated  Mines ^  Penhale^,^ 
Wheal  Budnick^  and  Polgooth;^  but  they  are 
neither  so  frequent,  nor  apparently  so  extensive,  as 
when  they  proceed  from  lodes. 

In  many  cases,  as  at  the  Consolidated  Mines^ 
Wheal  Bvdnichy  and  Saint  Agnes/  the  ehans  contain 
large  imbedded  masses  of  slate,  the  edges  and  angles 
of  which  are  often  well  defined  and  sharp.  It  has 
also  been  supposed  that  in  some  places  there  are 
large  detached  masses  enveloped  in  the  slate,  as  at 
the  Consolidated  Mines;  such  instances,  however, 
are'  rare,  and  the  intelligent  observers®  who  quote 
them  do  so  with  hesitation.  I  have  myself  seen  no 
such  large  masses  so  situated  as  to  leave  no  uncer- 
tainty respecting  them ;  but  I  have  oftien  noticed 
smaller  separate  lumps  of  elvan,  as  in  the  slate  near 
Cairn  Brea,®  in  the  Badger-lode  at  Herland,^  and 
in  Relistian}^     In  the  latter  case  these  globular 

1  Ante,  p.  126.     2  Ibid,  p.  105.      3  ibid,  p.  81,  &  Table  Iviii.      4  Table  Ixii. 
5  Table,  Ixxxiii.    6  Table  Ixxxv.  &  ante,  p.  126. 

7  The  Rev.  J.  J.  Conybeare,  Geo.  Trans,  iy.p.  401 :  ante^  p.  104 :  and  a  Paper 
of  my  own,  in  the  Report  of  the  Royal  Institution  of  Cornwall  (1838),  p.  3S. 

8  Mr.  Thomas,  Report,  p.  17 :  Mr.  Came,  Cornwall  Geo.  Trans.  ii«  p.  89 : 
and  Mr.  Burr,  Mining  Review,  No.  vu.  (July,  1835),  p.  23,  and  Practical 
Geology,  p.  287.  »  Ante^  p.  86. 

i(>  My  Lecture  on  Metalliferous  Deposits,  Edinbnrgh  New  Phil.  Joamal 
(Oct.  1836),  xxii.  p.  166  :  Table  xxxiv.  and  anle^  p.  40. 

H  Table  xxxvi,  &  anie^  p.  40. 
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masses  of  elvan  were  sometimes  enclosed  in  the  lode^ 
sometimes  in  the  country ^  but  still  more  frequently 
in  an  interposed  layer  of  rock  forming  a  kind  of 
transition  between  them.^  In  all  these  localities, 
however,  similar  shaped  pieces  of  slate  were  far 
more  numerous  than  those  of  elvan. 

At  East  Wheal  Crqfty^  Wheal  Wellington^  &c., 
elvan-courses  traverse  the  greenstones;  this  also 
happens  at  Penzance  Battery-rocks,^  and  at  Forth 
Just  ;^  but  in  general  they  are  far  more  numerous  in 
the  other  rocks  of  the  metalliferous  districts  than 
they  are  in  the  greenstones,  and  the  granites  with 
which  they  are  associated.  Indeed,  in  the  whole  of 
the  extensive  formation  of  these  rocks  in  the  Saint 
Just^  and  Saint  Ives^  districts,  that  at  Forth  Just^  is 
the  only  elvan  observed  in  the  slate,  and  the  only 
trace  of  that  rock  in  the  granite  is  at  Carreg-looz.^ 

The  diflference  between  their  structure  and  mineral 
composition  renders  the  elvan-courses  very  conspicu- 
ous whilst  traversing  the  slate,  and  their  general 
coincidence  with  one  series  of  the  divisional  planes 
of  these  rocks,  by  giving  them  well-defined  walls, 
produces  a  still  stronger  contrast  between  them. 
On  the  other  hand,  though  bounded  by  the  same 
joints  whilst  they  traverse  the  granite,  from  the 
similarity  of  their  ingredients  they  more  rarely  at- 
tract attention.    But,  notwithstanding  their  apparent 

1  Mr.  Carne,  Phil.  Trans.  (1807),  p.  293,  Cornwall  Geo.  Trans,  ii.  pp.  61-94 : 
ante,  p.  40. 

2  Ante,  p.  62,  &c  Table  Ivi.        3  Ante,  p.  61 .        ^  Ibid,  p.  30. 

5  Dr.  Boase,  Primary  Geology,  pp.  173-178. 

6  Ante,j>,  7.  7  Ibid,  p.  16,  8  Near  Porth  Just,  in  Saint  Just. 

VOL.  V.  B  B 


1G8      W.  J.  Hen  WOOD,  on  the  Metalliferous 

changes  in  mineral  character,  their  ultinoiate  analysis, 
as  well  as  that  of  both  these  rocks,  may  not  be  found 
to  diflTer  very  materially.^ 

As  the 

SYMMETRICAL   OR  JOINTED  STRUCTURE  OF  ROCKS 

Presents  lines  of  little  or  no  resistance,  and  thus 
affords  very  great  facilities  to  the  operations  of  the 
miner,  he  has  noticed  and  made  use  of  it  time  out  of 
mind. 

Some  joints  traverse  all  the  rocks,  as  well  as  the 
lodes  and  cross-courses,  without  interruption;  and 
some  coincide  with  the  directions  of  the  ekan- 
courses:  some  with  those  of  the  lodes,  and  others 
with  those  of  the  cross-courses ;  certain  of  them, 
again,  seem  to  be  confined  to  one  kind  of  rock  or 
another,  and  a  few  appear  not  to  extend  beyond  the 
veins. 

Their  existence  has  been  long  recognized  by 
Geologists ;  they  are  mentioned  even  by  Mr.  Pryce.* 
It  seems,  however,  to  have  been  reserved  for  more 
modem  times  to  point  out  the  coincidence  of  some 
of  them  with  the  veins,  and  to  establish  the  fssA 


1 ''  If  that,  which  I  cannot  bat  siupect  to  obtain  as  a  general  law ;  namely, 
''  that  stratified  rocks  ore  in  their  nuneralogical  eott^^osUion  okhf  varieties  qf  tito 
''  crystalline  masses  with  which  they  are  most  largely  and  closely  assockctedf  be 
**  admitted,  we  shall  haye  (no)  difficulty  in  recognizing  in  the  nameiaiiselvaiis 
''  by  which  it  is  traversed,  the  crystalline  analogue  of  the  kiUas/' 

Rev.  J.  J.  CoNYBEARB,  Annals  qf  Philosophy,  vi.  (Jaly,  ISSS),  p.  87. 
2  Mineralogia  Cornnbiensis,  p.  23, 
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of  their  uniformity  for  considerable  distances.  Dr. 
Berger/  Dr.  Macculloch,^  and  Professor  Sedgwick/ 
among  recent  observers,  first  treated  of  the  subject : 
but  Dr.  Boase,^  and  Professor  Phillips/  appear  to 
have  first  pointed  out  the  great  extent  to  which  the 
jointed  structure  affects  the  condition  of  rocks  and 
veins.  Mr.  Enys/  Mr.  R.  W.  Fox/  Mr.  Hopkins/ 
Mr.  De  la  Beche/  and  others/^  have  also  devoted 
some  attention  to  the  subject. 

The  natural  developement  of  the  joints  is  almost 
wholly  produced  by  the  decomposition  which  takes 
place  more  readily  in  their  direction  than  elsewhere. 
On  this  account  it  is  often  very  difficult,  if  not  im- 
possible, to  determine  which  is  the  principal  series ; 
because  their  exposure  to  degrading  causes  in  one 
direction  more  than  another  will  occasion  the  ap- 
pearance of  one  set  of  joints  in  one  place,  whilst,  in 
another,  a  similar  cause  may  operate  in  a  different 
direction  and  bring  out  another  system  of  lines. 


1  Geo.  Trans,  o.s,  i.  pp.  115-160. 

2  Geo.  Trans,  o.s.  ii.  pp.  67-71-74  :  System  of  Geology,  ii,  pp.  94-187. 

3  Cambridge  Phil.  Trans,  i.  p.  108 :  Address  to  the  Geological  Society  (1831) : 
Phil. Mag.  &  Annals  (1832),  ix.  p.  284:  &  Geo.  Trans,  n.s.  iii.  p.  469.  Pl.xlvii. 

4  Cornwall  Geo.  Trans*  iv.  p.  428 :  Proceedings  of  the  British  Association 
(1832),  i.  p.  579:  Treatise  on  Primary  Geology,  p.  92  :  and  London  &  Edin. 
Phil.  Mag,  (1835),  vii.  pp.  376-445,  (1836),  ix,  p.  4,  (1837),  x.  p.  14. 

6  Geo.  Trans.  N.s.  iii.  pp.  4-17 :  Proceedings  Brit.  Assoc.  (1834),  iii.  p.  655  : 
Illustrations  of  the  Geology  of  Yorkshire,  Pt.  ii.  pp.  90-98 :  Ency.  Metrop. 
(Mixed  Sciences,  iv.).  Art.  Geology,  p.  543 :  Geology,  re-printed  from  Ency. 
Brit.,  p.  107:  &  Lardner's  Cabinet  Cyclo.  (No.  97),  Geolog^u  p.  65,  fig.  25. 

6  Lond.  &  Edin.  Phil.  Mag.  (1833),  ii.  p.  322.        7  Ibid,  p.  326 

8  Camb.  Phil.  Trans,  vi.  p.  78 :  Lond. &  Edin.  PhiI.Mag.(1836),ix.  pp.  171-366. 

0  Researches  in  Theoretical  Geology,  p.  103 :    Report,  p.  270. 

10  My  own  Paper  on  Metalliferous  Veins,  Ediu.  New  Phil.  Journal  (1837), 
xxii.  p.  159. 
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Hence,  \vithin  a  very  short  distance,  the  principal 
joints  may  seem  to  run  at  nearly  right  angles  to 
each  other. 

This,  indeed,  is  somewhat  the  case  in  general,  for 
two  great  systems  of  joints  intersect  nearly  at  right 
angles,  dividing  the  rocks  into  quadrangular  masses; 
and,  as  they  are  more  frequently  highly  inclined  than 
vertical,  the  symmetrical  forms  are  more  commonly 
rhombic  than  cubical. 

But,  beside  these  joints  which  approach  to  rectan- 
gularity,  there  are  also  others  which  have  an  inter- 
mediate direction,  and  divide  the  blocks  diagonally 
into  triangular  masses,  which  in  some  situations 
seem  to  be  rather  more  evident  than  the  rhombs. 

But,  though  the  joints  often  preserve  a  tolerable 
regularity  for  some  distance,  they  have  frequent  and 
considerable  flexures,  on  the  lines  both  of  direction 
and  of  dip ;  the  opposite  bounding  planes  of  the 
jointed  masses  are  therefore  seldom  quite  parallel 
Often,  too,  the  diagonal  joints  seem  to  unite  with 
one  of  the  others ;  and,  not  uncommonly,  by  a  con- 
siderable curvature  one  of  the  rectangular  joints 
swerves  from  its  course,  and  continues  for  some 
distance  as  a  diagonal  one.  Still,  on  the  whole,  there 
are  two  series  of  divisional  planes  which  are  per- 
manent, whilst  the  third  is  perhaps  less  constant: 
Table  xcix.  gives  a  general  view  of  their  directions 
in  the  different  mining  districts. 

But  the  granite  and  the  elvans  sometimes  also  ex*- 
hibit  a  sort  of  horizontal  bedding,  which  is,  except 
in  thickness,  not  altogether  unlike  the  schistose 


Table  XCIX. 


n 

•>*.IIII* 

rH 

t* 

••••••••••           ••••••»•••           ••••••••.. 

••••••••••            •••»..,.,,           ••••..•... 

© 

1' 

\  I  ',  i^  I  I  :  ',  :      :  ;^  r«  :  :  :«  :      i  :^  r  :  :  :  :  :  : 

t* 

|i 

••••••••••      ••••«,..•.      ••...«..., 

•  •••••*•••      ••••••••••      ••■•*••••, 

© 

o 

JI^ri*-«i;i!        !i-i^«eqeqeoiHpH!        It»^IJIJ^Z! 

1' 

:-*  :  :m  :  :  :  :  :     :  :  :.h  :  :«  :  :  :     :::::;:::: 

« 

1' 

:€o  :  :^  :«  :  :  :     :  :  :  r^^w^  :  :     :  :  :  :  :  :<n  :  :  : 

Co 

1. 

:  I  :  i^^  '^  *.  ',     :«H^-^^:eie«MiH      ::::::::!! 

«0 

•  ,.(•••"••••     •••^..•••«     •••••••••• 

09 

1" 

5                   ^  ^  - 

'^ ^:»«:::^^ei«>     ::::::::;: 

o 

•  •••••••••     I  '  r^  I  !  I •-*  ; iH      r  !  I  I  !  *  t*H  ;  ; 

-* 

1' 

"^ 

o 

5^ • 

o 

i-'co*t'Nc<i;i*;     i--s^T}«cop-(OeoTf^i*       Ilco*;;*©i;; 

5 

o 

;  fh    *    ;  .-^    • ^  ^ 

ii< 

o       1                                                                         ... 

^ilrt^:: CO 

o                                       •...•... 

r^ 

<»4 

•••:'-''-'::::      :  :  tw^nciP^^  :  :      :  :  :  :  :^  :  :  :  : 

!5^ 

•        •        •        •                                           •        •                •            ^4                                                                              •        •                «        •        •                •        • 

1-^ 

c 

Q 

•••••••••.                •••••,•••,                •••••*••> 

^  z  c'^^ :  i^^.l"^  j:  ^Sc*^^    «'^P^^'^  ^flfl'^.    ot-^sIj^ 

0>-oJ3^£^'^'5o         3>oi3-9^«»D=3w         SbOSfcr'a^bOS** 

^^•|2§o|-tJ<J|    ^^-IggSl^l^Jl    ^-^-IggSl^J^Jj 
-S^SIS-il^^-a    ^^2-2|-i|^^.2    ^^g.2^-i|^^.a 

c/soD^OtCucsic/^c/sH     (»<aSOD:3u»<aa3H     £(SSaD:3O(^0Q(»H 

• 
• 
• 
• 

o 
H 

Deposits  of  Cornwall  and  Devon.  171 

structure  of  some  of  the  slates  already  described^ 
of  which  it  may  not  improbably  be  a  modification.^ 

The  horizontal  as  well  as  the  vertical  joints  are, 
in  different  places^  at  very  different  distances  from 
each  other ;  in  some  cases  several  feet^  and  in  others 
only  a  few  inches.  The  intersections  of  these  three 
series  of  divisional  planes  separating  the  rocks  into 
quadrangular  masses^  expose  their  edges  and  angles 
to  the  influence  of  decomposing  causes ;  and  which^ 
unquestionably,  have  produced  the  prismatic  struc- 
ture and  the  fanciful  forms  which  many  of  our  cliffs 
and  cairns  often  assume ;  among  which,  particularly, 
may  be  instanced  the  spheroidal  figure  so  commonly 
presented  by  the  granite  tors.^ 

Examples  of  this  gneiss-like  granite  occur  at  the 
quarry-pits  in  Saint  Just,  at  Tregoning-hill,^  near  the 
Half-way-house  in  Wendron,  at  the  Cheese-wring, 
on  Kit  Hill^  near  Callington,  and  in  many  other 
places.  A  similar  structure  may  be  observed  in  the 
elvans  at  Pulla,^  and  Kerley-barrow  :®  indeed  it  is 

1  Mr.  R.  W.  Fox  states  that  he  has  produced  a  laminar  arrangement  of  clay 
by  Toltaic  agency  (Report  of  the  Royal  Cornwall  Polytechnic  Society,  1837, 
p.  68 :  Annals  of  Electricity,  ii.  p.  54 :  Edin,  New  Phil.  Journal,  xxv.  p.  196 : 
and  Proceedings  of  the  Geological  Society,  iii.  p.  9).  The  experiment  has, 
however,  after  repeated  trials  failed,  both  in  Mr,  Sturgeon's  hands  (Annals  of 
Electricity,  ii.  pp.  396-476,  &  iii.  pp.  329-423),  and  in  my  own  (Annals  of 
Electricity,  iii.  p.  339). 

It  is  well  known  that  a  sort  of  lamellar  structure  obtains  when  the  alime  from 
stamping  tin  and  copper  ores  is  allowed  to  dry ;  and  that  a  somewhat  similar 
disposition  takes  place  in  china-clay  (Ante,  ^.  US):  but  no  electrical  action 
was  eyer  suspected  in  either  of  these  cases. 

Address  to  the  Geol.  Society,  by  the  Rev.  W,  Whewell  (1839) :  Proceedings 
of  the  Geol.  Soc.,iii.  p.  95 :  and  Lond.  &  Edin.  Phil.  Mag.  (1839),  xiv.  p.  505, 

2  Dr.  Macculloch,  Geo.  Trans,  o.s.  ii.p.  71. 

8  Ante,  p.  45.  ^    4  ibid,  p.  132,  note. 
5  Mr.  Thomas,  Mining  Review  (May,  1836),  No.  viii.  p.  275.      6  Ante,  p.  82. 
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not  rare  even  in  the  lodes^  as  at  Uuffield^  Wheal 
BuUer,^  &c. 

But,  beside  the  joints  already  described,  and  which 
may  be  considered  in  a  certain  degree  normal,  the 
elvan-^ourses  are  also  often  traversed  by  innumerable 
other  planes  which  are  short  and  irregular,  and  di- 
vide the  whole  of  the  rock  into  angular  and  unsightly 
blocks,  rendering  it  unsuitable  to  any  architectural 
purpose,  and  fit  only  for  road-stones. 

It  will  hereafter  appear  that  the  directions  of  the 
joints  and  of  the  veins  sometimes  coincide;  this 
circumstance,  however,  does  not  affect  the  joints 
themselves,  which  are  merely  interruptions  of  con- 
tinuity in  the  rock,  and  rarely  present  even  the 
smallest  opening.  In  the  few  instances  to  the  con- 
trary they  are  a  few  lines  in  breadth ;  they  then 
contain  clayey  portions  of  the  containing  rocks, 
sometimes  a  little  tin  ore,^  and  now  and  then  thin 
plates  of  native  copper/  On  the  eastern  side  of 
Tregoning-hilP  the  faces  of  the  joints  in  the  granite 
are  irregularly  striated,  like  those  of  slichensides  on 
the  walls  of  many  hdes. 

The  cliffs  and  beaches  afford  the  most  advantage- 
ous opportunities  for  studying  this  structure ;  but 
the  few  and  isolated  cairns  of  our  higher  grounds, 
and  the  quarries  for  obtaining  building-stones,  occa- 
sionally present  instructive  examples. 

On  the  beach  at  Mousehole,^  and  Saint  MichaeVs 
Mount,^  many  of  the  joints  may  be  seen  passing 

1  Table  xxxvii.        2  Table  Iviii.        3  As  at  Parbola,  PolberroWy  and  Carekae* 
4  In  Wheal  Mary,  and  Wheal  Bulier.        6  Ante,  p.  33. 
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uninterruptedly  through  both  granite  and  slate,  and 
through  the  veins  of  the  former  by  which  the  latter 
is  traversed.  In  the  same  localities  may  also  be 
observed  numerous  other  joints^  which  seem  to  be 
but  short,  and  soon  disappear :  some  of  these  are  in 
granite,  others  in  slate,  and  a  few  intersect  both 
rocks. 

Behind  the  pier  at  Penzance,^  at  the  western  side 
of  Pra-sand,®  in  Creeg-quarry,^  Trevellas  Downs/ 
Penhale,^  Clizey-hill,^  and  Grenofen,'^  the  joints  in- 
tersect both  slate  and  the  ehan-courses.  In  Dot- 
coathy  and  CooHs-Mtchenf  the  same  joints  traverse 
the  granite^  slate,  and  elvan-courses.  At  Trevidgia^^ 
Tresavean^^  Carleen  (Wheal  Vor)y^  and  Wheal 
Ann}^  both  lodes  and  granite  are  cut  through  by  the 
same  joints;  and  the  slate  and  hdes  are  equally 
crossed  by  similar  ones  in  Relistian^^  Wheal  Provi- 
dence^^ Charlestownl^  and  many  other  mines. 

In  many  instances,  however,  the  joints  are  parallel 
to  the  elvansy  as  at  Gwallon}^  Clizey-hill,^  &c.  A 
similar  coincidence  between  the  joints  and  the  lodes 
is  also  frequent,  as  at  Dinner  Downs^^  Godolphin^^ 
Wheal  Vori^  Wheal  Friendship^  &c. ;  and  between 
the  former  and  the  cross-courses,  as  at  Trevidgia^^ 
Relistian^^  and  North  Downs?^ 

Whether  the  joints  have  originated  in  the  con- 
traction of  the  masses  on  cooling,  from  a  crystalline 

1  Ante^  p.  30     2  Ibid,  p.  51,     3  Ibid,  p.  82.     4  Ibid,  p.  104.      »  Ibid,  p.  105. 

6  Ibid,  p.  126.        7  Ibid,  p.  137.        8  Table  1.        0  Table  li. 

10  In  Towednack,  near  Rosewall-hill.      n  Table  lix.      is  Table  xlv. 

18  Table  xlviii.     14  Table  xxxvi.      ifi  Table  xxxviii,     ic  Table  Ixxxvi. 

17  Table  xxvi.    is  Table  xxxix.    lo  Table  xlii    20  Table  xcvi.     21  Table  Ixix. 
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arrangement  of  the  particles  on  passing  from  a  state 
of  fluidity,  or  whether  they  are  the  consequences  of 
some  more  recent  convulsion,  is  a  topic  I  shall  not 
discuss^  as  it  would  lead  to  speculations  which  I 
have  studiously  avoided  throughout  this  Memoir. 
Suffice  it  to  say,  that  neither  the  schistose  structure 
of  the  slates,  nor  the  horizontal  bedding  in  the 
granite  and  other  compact  and  massive  rocks,  seems 
to  influence  the  direction  of  the  joints ;  which,  I 
again  repeat,  traverse  rocks,  veins,  and  cleavage- 
planes,  alike  without  interruption,  and  without  dis- 
tinction. 

The  characters  and  appearance  of 

THE   METALLIFEROUS   VEINS,   OR    L0DEI&, 

I  shall  consider  under  the  following  heads :  viz., 
1st,  Composition  and  relations  to  the  containing 
rocks ; — 2nd,  Size ; — 3rd,  Dip ;  and  4th,  Direction. 

I. — On  the  composition  of  the  lodes,  and  on  their 
relations  to  the  containing  rocks. 

The  lodes  may  be  briefly  described  as  quartzose 
portions  of  the  rock,  highly  inclined,  and  of  no  great 
thickness,  which  are  more  or  less  mixed  with  metals 
and  their  ores.  They  have  commonly  one  prevailing 
direction,  subject  to  slight  irregularities  and  curva- 
tures as  well  in  length  as  in  depth,  and  traverse 
granite,  slate,  and  the  elvans,  indiscriminately^  and 
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almost  always  without  other  interruption  than  what 
may  take  place  from  their  interferences  with  each 
other/  and  with  the  cross-courses^Jlucans,  and  slAdes. 
But,  notwithstanding  the  workings  of  adjoining 
mines  have  often  been  extended  for  a  considerable 
distance  on  lodes  in  the  same  directions,^  it  is  not  at 
all  certain  that  the  same  hde  has  ever  been  traced 
for  more  than  about  a  mile  in  length.    In  fact,  they 

1  Definitions  of  Zodes  have  been  given  by  Dr.  Borlase,  Nat  Hist,  p.  143 : 
M.  Jars,  Voyages  M^tallurgiques,  iii.  p.  192 :  Mr.  Pryce,  Mineral.  Comub., 
p.  70 :  Werner,  New  Theory  of  the  Formation  of  Veins  (Anderson's  transla- 
tion), p.  2 :  Dr.  Berger,  Geo,  Trans,  o.s.  i.  p.  158 :  Mr.  Wm.  Phillips,  Ibid, 
ii.  p.  126 :  Mr,  Thomas,  Report,  p.  19 :  Professor  Sedgwick,  Oamb.  Phil. 
Trans.,  i.  p.  108 ;  Geo.  Trans.,  iii.  p.  483 ;  Addresses  to  the  Geol.  Soc.  (1831) : 
Mr.  Hawkins,  Cornwall  Geo.  Trans.,  ii.  p.  227 :  Mr.  Came,  Ibid,  ii.  p.  51 : 
Dr.  Boase,  Ibid,  iv.  p.  441,  &  Treatise  on  Prim.  Geol.,  p.  180 :  Dr.  Macculloch, 
System  of  Geology,  i.  p.  380 :  Mr.  Bakewell,  Introduction  to  Geology  (4th 
edition),  p.  420 :  Dr.  Buckland,  Bridgewater  Treatise,  i.  p.  548 :  Mr.  De 
la  Beche,  Geological  Manaal  (3rd  edition),  p.  492;  Theoretical  G^eology, 
p.  215 ;  Report,  pp.  317-322 :  Mr.  R.  W.  Fox,  Report  of  the  Royal  Cornwall 
Polytechnic  Society  (1836),  p.  83 :  Mr.  Burr,  Mining  Review,  No  viii.  (May, 
1836),  p.  208,  &  Practical  Geology,  p.  40  :  Prof.  Phillips,  Encyclo.  Metrop., 
Art.  Geology,  iv,  p.  770;  Encyclo.  Brit,  (re-published  separately),  p,  270; 
Lardner*s  Cabinet  Cyclo.,  Geology,  i.  p.  44,  ii.  p.  120 :  M.  Foumet,  Etudes 
sur  les  depots  M^tallif^res,  p.  17 :  and  in  almost  every  elementary  treatise  on 
Geology. 

2  "  As  even  the  richest  lodes  do  not  hold  worth  working  throughout,  we  may 
<<  not  be  able  to  trace  with  certainty  any  lode  for  a  great  length.'' 

Mr.  Thomas,  Report,  p.  20. 
See  also  Mr,  Carne,  Cornwall  Geo.  Trans.,  ii.  pp.  89-96-106. 

On  the  same  series  of  lodes  the  workings  at  Wheal  Darlington,  the  Marazion 
Mines,  Owen  Vean,  &c.,  have  been  2\  miles  long ;  at  fFheal  Bolton,  Rospeath, 
Great  fFheal  Fortune,  &c.,  2  miles ;  at  Wheal  Ann,  Wheal  Alfred,  and  HerUmd, 
2\  miles ;  in  Wheal  Vor,  IJ^  mile ;  in  Binner  Downs,  Wheal  Abraliam,  Crenver, 
&c.,  2|  miles ;  through  Stray  Park,  Dokoath,  Cook*8'kUchen,  Tincroft,  and 
Cairn  Brea  Mines,  2|  miles;  at  Cardrew  Downs,  North  Downs,  Treskerby, 
Wheal  Chance,  and  Chacewater  Mine,  3^  miles ;  in  Wheal  Gorland,  Wheal 
Unity,  Poldice,  and  Creegbraws,  2^  miles;  at  Wheal  Damsel,  Carharrack, 
Wheal  Maid,  and  the  Consolidated  Mines,  2|  miles ;  in  Ting  Tang,  Wheal 
Squire,  the  United  and  Union  Mines,  3  miles ;  and  through  Charlestown,  Crm- 
nis,  Pembroke,  and  East  Crinnis,  2|  miles.  The  lodes  and  branches  respectively 
belong  to  the  same  series  in  each  of  these  tracts,  but  the  identity  in  each  case 
cannot  be  precisely  determined. 
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invariably  throw  off  into  the  containing  rock  shoots, 
strings,  and  branches,  in  such  abundance^  that  instead 
of  one  champiofirlode^  the  whole  forms  a  complex 
and  irregular  net-work  of  veins."  Often,  too,  the 
lode  first  discovered  dwindles  to  a  mere  line,  whilst 
some  of  its  off-shoots  swell  out,  enlarge,  and  rival, 
or  even  surpass,  both  in  size  and  richness,  the  vein 
from  which  they  have  separated.  It  is,  however, 
rather  more  frequently  the  case  that  the  lodes  split 
as  they  go  eastward,  than  the  contrary,  as  at  Wheal 
Bolton,  Rospeath,  Relistian,  Ting  Tang,  &c.,  and  in 
the  lodes  of  Dolcoath,  which  ramify  in  the  neigh- 
bouring mines  of  CooVs-kitchen,  Tinerqfi,  and  Cairn 
Brea :  something  of  the  same  kind  also  occurs  in 
Wheal  Friendship.  It  is  by  no  means  uncommon 
for  lodes  to  split  directly  at  the  point  of  their  inter- 
section by  a  cross^ourse  or  flucan,  on  one  side  of 
which  the  lode  appears  in  two  branches,  whilst,  on 
the  opposite,  but  one  occurs :  this  takes  place  at 
Wheal  Trenwith,  Poldory,  and  in  many  other  places. 

The  veins  which  separate  in  this  way  sometimes 
re-unite  both  horizontally  and  vertically,  and  hence 
masses  of  the  contiguous  rocks,  provincially  called 
horses  qf  ground,  are  on  all  sides  surrounded  by 
veins.  These  masses  are  met  with  in  almost  every 
mine ;  and  examples  of  tbem  are  found  in  Wheal 
Reeth,  Binner  Dooms,  Dolcoath,  Cook's-Utchen,  &c. 

The  lodes,  and  branches,  which  thus  traverse  the 
rock,  though  individually  not  parallel  to  each  other, 

1  The  larger  lodes  are  provincially  called  champion  lodes, 

2  Prof.  Sedgwick,  Address  to  the  GeoLSoc.  (1881);  Phil.  Bfag.  &  Annals 
(1831),  iz.  p.  283 :  Mr.  Burr,  Mining  Review,  No.  viii.  (May,  1886),  p.  288. 
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may^  on  a  large  scale,  and  as  a  general  fact,  be  con- 
sidered to  coincide  in  direction ;  but  they  dip  in 
different  ways,  and  at  diverse  angles,  and  thus  often 
intersect  each  other,  as  at  Spearn,  Park-noweth, 
Ballesmdden,  Wheal  Darlington,  Herland,  Wheal 
Vyvyan,  PoWory,  North  Dotvns,  Wheal  Music, 
South  Wheal  Towan,  PoJherrow,  Wheal  Prudence, 
Great  Saint  George,  Polgooth,  Carclaze,  The  Bunny, 
Foivey  Consols,  and  perhaps  at  WJieal  Friendship. 
This  kind  of  intersection  seems  neither  confined  to 
one  kind  of  rock,  nor  to  veins  affording  merely  one 
description  of  ores ;  for  some  are  in  granite/  and 
others  in  slate  f  and  whilst  the  produce  of  several  is 
only  copper  ore,^  and  of  others  only  tin  ore,*  a  few 
contain  both  minerals.^ 

The  results  of  these  intersections  are  as  various 
as  the  conditions  under  which  they  occur ;  but  it 
seems  impossible  to  point  out  a  general  rule.  Some- 
times they  unite  and  continue  together  for  a  consi- 
derable space,  as  at  CooTi s-kitchen,  where  at  different 
spots  Toy's  lode  accompanies  the  South  lode  and 
Dunkiiis  lode,  but  after  several  fathoms  again  sepa- 
rates from  them.  Sometimes  one  lode  heaves  or 
throws  the  other  :  the  former  condition  may  be  ex- 
amined at  Herland,  where  Bull's  lode  heaves  the 
Caunter  lode  ;  and  the  latter  at  South  Wheal  Towan 
and    Wheal  Prudence,   where    two    hdes,  having 

1  At  Spearn,  Park-noweth,  BaUeswidden,   Wheal  Vyvyan,  Carclaze,  &c. 

2  Herland,  Poldory,  Polberrow,  fFheal  Music,  Polgooth,  &c. 

3  Wheal  Music,  Great  Saint  George,  Wheal  Friendship,  &c. 

4  Polberrow,  BaUeswidden,  Carclaze,  Drake  fValls,  &c. 

5  Wheal  Darlington,  Poldory,  Wheal  Vyvyan,  ^c. 

cc2 
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opposite  dips,  fall  together  on  the  lines  of  their 
inclination.  In  these  instances  the  lades  which  dip 
south  are  thrown  upward  by  those  which  underlie 
northward ;  at  South  Wheal  Tawan  25  fitthoms/  and 
at  Wheal  Prudence  8  feet;  whilst  in  numberless 
other  cases,  as  at  Wheal  Vor,  Ting  Tang,  8cc.,  the 
veins  after  thus  fiEdling  together  are  not  observed  to 
separate  again. 

In  some  instances,  near  the  point  where  two  lodes 
cross  each  other,  both  seem  to  be  in  a  state  of  disor- 
der, and  their  distinct  features  to  be  lost  for  several 
fathoms.  The  intermediate  space  is  filled  with  a 
quartzose  rock,  here  and  there  spotted  and  spangled 
with  ore ;  but  a  little  further,  the  loiles  resume  their 
regular  characters.  Some  remarkable  examples  of 
this  description  occur  at  the  intersection  of  Trecm- 
son  and  Seeve's  lodes,  in  East  Wheal  Crqfty. 

It  is  a  fact  of  some  interest,  and  peculiar  to  the 
lodes  of  Herland,  that  they  seldom  preserve  the 
same  relative  dimensions  for  any  great  distance. 
They  frequently  enlarge  and  contract,  and  though 
their  greatest  width  is  seldom  more  than  a  foot,  they 
often  taper  away  to  a  mere  line,  and  then  again  ex- 
pand. It  however  seldom  or  never  happens  that  the 
broadest  portions  of  two  parallel  lodes  in  that  mine 
stand  opposite  to  each  other  on  the  same  meridian ; 
for,  almost  without  exception,  the  wider  parts  of 
one  are  opposed  to  the  narrower  parts  of  another. 


1  The  lode  which  dips  N.  splits  into  two  brmuhes  in  one  part  of  its  down- 
ward course,  and  a  portion  of  the  other  lode  lies  within  the  Aorae  ^  grmmd 
which  is  included  between  these  branches. 
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1.  The  relations  between  the  lodes,  and  the  con- 
taining rocks,  may  be  considered  under  the  heads  of 
structure  and  composition. 

{a.)  Structure  qf  lodes,  shewing  their  connection 
with  the  rocks. — ^The  mechanical  structure  of  the 
lodes,  like  that  of  the  rocks^  seems  in  some  measure 
dependent  on  their  mineral  characters,  which  are 
very  variable.  Where  they  are  most  uniform  in 
composition  they  consist  chiefly  of  quartz;  and 
therCj  as  in  the  homogeneous  clay  slates^  a  jointed 
structure  frequently  prevails  :^  but  in  the  more  mixed 
and  heterogeneous,  which  also  form  the  largest  por- 
tions of  the  lodes,  this  character  is  far  less  common. 

The  quartzose  parts  of  lodes  are  often  traversed 
by  joints  having  the  same  direction  as  the  lodes  them- 
selves, which  are  thus  divided  lengthwise  into  other 
sub-veins  or  plates,  in  some  places  termed  combs.^ 
But  these  joints  do  not  long  continue  distinct  and 
separate,  for,  like  the  joints  already  mentioned  as 
existing  in  the  rocks,  they  curve,  unite,  separate, 
and  again  fall  together,  and  thus  divide  the  substance 
of  the  lodes  into  irregular  plates,  which  generally 
become  thin  above,  below,  and  at  either  end,  whilst 
the  thicker  portions  of  some  of  them  fill  up  the 

1  "  When  a  lode  breaks  away  in  large  jointed  rocks,  be  it  of  what  kind 
**  soever,  it  implies  no  good  for  Copper  or  Lead/' 

Mr.  Prycb,  Mineralogia  Comubiensis,  p.  05. 

2  **  A  lode  often  appears  to  be  composed  of  many  smaller  veins  of  different  sub- 
''  stances,  which  are  frequently  famished  with  walls,  sometimes  very  smooth." 

Mr.  R.  W.  Fox,  Report  of  the  Royal  Cornwall  Polytechnic  Society  (183G),  p.  89. 

''  The  contents  of  parts  of  several  lodes  consist  of  a  succession  of  plates  of 
'^  mineral  substances,  varying  much  in  their  continuity,  and  to  a  certain  extent 
''  parallel  to  the  sides  of  the  fissure,  between  the  walls  of  which  they  are 
"  included."    Mr,  De  la  Beciie,  Report,  p.  339. 
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concavities  formed  by  the  thinner  portions  of  others. 
This  structure  prevails  more  in  the  Gwinear  and 
Crowan  district  than  elsewhere,  and  striking  exam- 
ples of  it  occur  at  Bitmer  Daums,  Wheal  Strawberry, 
and  Godolphin.  The  surfaces  of  these  joints  are 
often  coated  with  crystals,  when  interstices  afford 
room  for  their  formation;  in  fact  the  whole  sub- 
stance of  the  hde  in  such  localities  has  usually  a 
crystalline  character.  But  these  appearances  seldom 
or  never  reach  far ;  for  in  such  lodes  as  present  the 
most  decided  and  extensive  examples  of  this  veined 
structure,  they  seldom  extend  through  more  than  a 
few  feet  or  fathoms  either  in  length  or  depths  and 
then  gradually  vanish. 

It  has  been  already  shewn^  that,  in  rocks,  the 
joints  and  the  ehanrcourses  frequently  coincide  in 
direction ;  this  also  very  often  happens  with  respect 
to  the  lodes,  of  which  the  portions  more  particularly 
metalliferous,  when  contained  between  two  nearly 
parallel  joints,  thus  appear  to  have  smooth  walls. 
Often,  however,  the  joints  after  running  in  this  man- 
ner for  some  distance,  at  length  disappear,  and  as  in 
the  greater  number  of  instances  there  is  a  gradual 
passage  or  transition  between  the  mineral  character 
and  composition  of  a  lode  and  its  containing  rock 
(the  Country) :  in  all  such  cases,  from  the  absence  of 
the  joints,  the  walls  are  said  to  be  rough.  Some- 
times, notwithstanding  the  symmetrical  lines  may  be 
still  found  to  include  the  richer  portions  of  the  lodes 
between  them,  the  intermediate  substance,  between 

1  Ante,  p.  167, 
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the  lodes  and  the  containing  rock^  is  metalliferous 
also.  Veins,  strings,  and  branches  of  ore  may  also 
penetrate  this  quartzose  rock,  which  is  provincially 
known  by  the  name  of  Caple.  Hence  the  occurs' 
rence  of  regular  waUs  by  no  means  indicates  a  sud- 
den and  strongly-marked  distinction  between  the 
lodes,  and  the  Country. 

The  lodes  not  only  afford  instances  of  a  jointed 
structure  parallel  to  their  bearing,  but  there  is  fre- 
quently also  a  series  of  cross-joints  by  which  the 
lodes  are  traversed,  as  at  Trevidgia,  the  United 
Mines,  Charlestown  Mines,  &c.  Examples  of  a  sort 
of  horizontal  bedding,  or  thick  lamination,  likewise 
abound  in  them,  as  at  Duffield,  Wheal  Butter,  Wheal 
Friendship,  &c. ;  and  a  similar  appearance  prevails 
in  the  vitreous  copper  ore  in  some  parts  of  Levant. 

Near  the  separation  between  the  lodes  and  the 
Country  the  joints  are  frequently  filled  with  an 
unctuous  clay  (flucan),  which  sometimes  also  is  met 
with  in  those  still  nearer  the  central  parts  of  the 
lodes,  as  at  Wheal  Reeth^  Dolcoath,  Redmoor,  and 
Wheal  Friendship. 

Nearly  akin  to  this  jointed  character  are  the 
slickensides,  or  polished  and  striated  sur&ces,  which, 
sometimes  of  iron  pyrites,  but  more  usually  of  cop- 
per pyrites,^  often  cover  the  faces  of  the  waUs  of 
lodes,  as  at  Great  Wheal  Fortune,  East  Wheal 
Crqfty,  Dolcoath,  the  Consolidated  Mines,  and  most 

1  Slickensides  have  occurred  in  the  tin  ore  of  Pclhreen  in  Saint  Agnes,  in  the 
vitreous  silver  ore  of  Wlieal  Brothers,  and  among  the  hydrous  oxide  of  iron  at 
Restormel,    In  lead  mines,  I  believe,  they  are  everywhere  very  common. 
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mines,  in  short,  where  copper  pyrites  abounds. 
These  are  also  sometimes  observed  to  run  in  a 
curved,  serpentine,  and  most  irregular  manner, 
throughout  the  whole  substance  of  such  lodes  as 
show  no  other  trace  of  joints.  At  Wheal  Roberty 
for  instance,  they  intersect  each  other  in  every  di- 
rection, and  thus  enclose  angular,  spherical,  and 
most  oddly-shaped  masses. 

Whether  the  faces  of  these  divisional  lines  be 
coated  with  earthy  or  metallic  substances  they  are 
almost  always  marked  with  striae  */  but  although 
these  may  be  abundant  on  either  side  of  the  lode^ 
yet  the  directions  of  the  strise  (to  say  nothing  of 
their  angles)  seldom  or  never  correspond ;  neither 
are  they  ever  parallel  for  more  than  a  few  inches, 
but  arc  generally  divergent.  In  these  lines  breaks 
of  continuity  are  common,  and  frequently  those 
which  for  some  distance  are  nearly  straight,  become 
curved  and  otherwise  irregular.  Again, — the  faces 
on  which  these  markings  appear  are  never  plane 
surfaces,  but  always  have  protuberances,  lumps, 
pits,  and  hollows ;  and  whether  they  project,  or  be 
depressed,  arc  alike  marked  and  polished  with  as 
much  continuity  and  regularity  as  the  rest.^ 

Beside  the  jointed  and  lamellar  structure  which 
prevails  in  lodes  there  is  another^  sort  of  much  im- 
portance, and,  although  it  is  nowhere  very  extensive, 

1  As  the  faces  of  the  joints  in  the  granite  of  Tregoning-hill,  ante^  p.  ITS. 

'^  Professor  Phillips,  Encyclopaodia  Metropolitana,  Art.  GedUigjfy  p.  776 : 
and  Mr.  De  la  Beche,  Researches  in  Theoretical  Geology,  p.  206. 

3  The  brecciated  structure  which  preyails  in  parts  of  some  Mm,  bekmsi 
properly  to  their  composition,  and  will  be  described  under  that  head. 
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yet  traces  of  it  may  be  seen  in  most  parts  of  Corn* 
wall.  This  may  be  called  the  conglomerated,  or 
spheroidal  structures. 

In  Captain  Beryamin  Davy's  lode,  at  Park-mowethy 
are  found  globular  quartz  stones,  which  seem  to  be 
composed  of  several  concentric  layers  surrounding 
a  central  ball.  In  the  Badger  lode^  at  Herland,  ar^ 
spheroidal  pieces  of  quartz,  slate^  elvan,  and  granite, 
imbedded  in  some  places  in  a  granitic,  in  others  W  It 
slaty  or  quartzose  basis  or  cement.^  In  Relisfian 
round  masses  of  slate  are  enclosed  in  quartzose  slat«, 
chlorite,  tin  ore,  and  in '  iron  as  well  as  in  copper 
pyrites,  and  these  stones  are  also  frequently  encrust- 
ed with  crystals  of  tin  ore  :^  in  one  spot  a  nodule  of 
elvan  was  enclosed  in  the  lode.  At  Duffield  round 
pieces  both  of  slate  and  elvan  occur ;  and  at  Trevas- 
km  balls  of  slate  and  of  quartz  often  prevail :  in 
some  instances,  I  have  also  seen  nodular  lumps  of 
copper  pyrites  imbedded  in  quartz. 

In  all  these  instances,  except  the  first  (Park- 
nowetk),  which  is  in  granite,  a  similar  structure  is 
even  more  evident  in  a  layer  of  quartzy  slate ;  /.  e., 
quartz  through  which  the  colouring  matter  of  the 
containing  rock  has  been  diffused*  (Capel).  In 
Belistian,  Duffield,  and  Trevaskus,  these  nodules 
are  not  apparent  in  the  rock  until  after  it  has  beep 


1  My  Lecture  on  Metalliferous  Deposits,  Edln.  New  Phil.  Jourpal  (1836), 
xxii.  p.  166 :  also,  Mr.  De  la  Beche,  Report,  p.  323. 

«  Mr.  Came,  Phil,  Trans.  (1807),  p.  293. 

3  An  excellent  description  of  a  compound  rock  of  this  kind,  near  Cr^^baoe, 
is  given  by  Mr.  Weaver,  Geo.  Trans,  o.s.  v.  p.  171. 
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broken :  of  the  fragments,  one  then  holds  the  pro- 
jecting concretions,  and  the  cavities  which  they  had 
previously  filled  mark  the  other.  In  all  these  lodes 
this  structure  shades  off  into  the  containing  rock, 
and  not  uncommonly  one  end  of  a  piece  of  slate 
exhibits  this  spheroidal  form,  whilst  the  other  passes 
off  into  the  contiguous  homogeneous  slate,  from 
which  it  is  nowise  distinguishable.  In  other  places 
the  slates,  as  well  as  the  intermediate  rocks  and  the 
lodes,  affect  a  concretionary  structure  like  that  which 
I  have  remarked  in  the  elvan-courses  at  Relistian, 
Redruth,  and  Pulla,  and  the  unconnected  globular 
masses  of  granite  in  the  slate  at  Herland,  and  of 
elvan  near  Cairn  Brea. 

(&.)  The  relations  between  the  mineral  composition 
of  the  lodes  and  the  containing  rocks.  1 .  Junctions  be- 
tween them. — In  the  clay  slates,  where  strings  and  beds 
of  quartz  form  almost  an  integral  part  of  the  rock, 
the  transitions  between  the  lodes  and  the  rocks  are 
very  perceptible,  but  are  not  always  made  with  the 
same  rapidity,  or  by  precisely  similar  steps.  Should 
the  lode  be  equally  rich  for  some  length,  the  equi- 
metalliferous  portions  of  it  (to  coin  a  phrase)  do  not 
in  all  parts  maintain  the  same  line ;  and,  consequently, 
if  all  the  rock  containing  equal  quantities  of  ore  in 
the  same  space  were  extracted,  the  sides  of  the  ex- 
cavation would  be  extremely  ragged  and  irregular ; 
or,  in  mining  language,  the  walls  would  be  rough. 
It  will,  however,  be  remembered  that  joints  parallel 
to  the  direction  of  the  hdes  sometimes  occur  just  on 
those  portions  of  them  beyond  which  their  produce 
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is  not  worth  pursuit,  and  cause  the  appearance  of 
smooth  wallSf  when  the  case  is  not  really  so. 

It  has  been  already  remarked^  that  the  chief  in- 
gredient in  the  lodes  is  quartz ;  but  this  is  so  mixed 
and  incorporated  with  the  substance  of  the  contain- 
ing rock^  as  in  general  to  change  its  aspect  entirely. 
In  slate  thin  scales  of  the  rock  and  certain  particles 
of  its  colouring  matter  will  tinge  the  lode  of  the 
same  hue.  This  mixed  quartzose  rock  prevails  near 
the  sides  of  the  lodes ^  and  is  not  very  often  produc- 
tive :  should,  however,  the  other  parts  of  the  lodes 
be  rich,  this  also  frequently  contains  small  strings, 
and  irregular  and  unconnected  lumps  of  ore.  The 
central  portions  of  the  lodes  also  often  consist  of  a 
similar  substance,  and  frequently,  too,  contain  mat- 
ter closely  resembling  the  contiguous  rocks,  and 
distributed  with  great  irregularity. 

The  schorl  rocks  associated  with  the  slates  are 
very  beautiful.  They  have  mostly  a  lamellar  struc- 
ture, and  consist  of  very  thin  layers  of  white  or  very 

1  AntCy  p.  174. 

2  «  Many  parts  of  those  veins,  exhibiting  what  have  been  called  regular 
"  walls,  are  intimately  connected  with  the  adjacent  rock,  not  only  as  it  were  by 
'^  a  mechanical  union,  but  often  by  a  transition  of  mineral  composition,  *  *  *. 
''  Sometimes  indeed  the  vein  itself  at  these  points  of  union,  appears  to  partake 
"  of  the  nature  of  the  containing  rock."    Dr.  Boase,  Primary  Geology,  p.  179, 

''  The  sides  of  the  lodes,  especially  tin  lodes,  are  often  principally  composed 
*'  of  quartz,  combined  with  pe(tch  (chlorite)  shorl,  or  disintegrated  portions  of 
**  the  containing  rock,  &c.  These  sides  or  boundaries  of  lodes,  are  usually 
^'  termed  '*  capels"  showing  no  smooth  or  regular  walls,  but  penetrating  into 
**  the  enclosing  rock  or  ''  country*'  and  also  into  the  lodes,  and  mixing  with 
"  their  other  contents." 

Mr.  R.  W.  Fox,  Report  of  the  Royal  Cornwall  Polytechnic  Soc.  (1836),  pp.  86-7. 

''  The  same  intimate  connection  which  subsists  between  the  quartzose  part 
'^  of  veins  and  the  included  portions  of  slate  (horses  qf  kUlasJ,  also  obtains 
'*  between  the  veins  and  the  main  rock."  My  own  Lectwre  on  Metalliferous 
Veins,  (Nov.  10th,  1836),  Edin  New  Phil,  Journal,  xxii.  p.  156. 
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light  grey  felspar,  alternating  with  others  of  black 
schorl ;  in  some  cases  it  is  probable  that  siliceous 
matter  may  be  intimately  mixed  with  both  these 
ingredients :  and  at  Fatworh  mine,  near  the  Indian 
Queens,  layers  of  tin  ore  often  replace  those  of 
schorl.  The  most  interesting  feature  of  this  variety 
is  its  complicated  curvatures  and  irregular  figures : 
often,  too,  the  same  layers  vary  in  thickness  in  dif- 
ferent parts,  and  give  the  whole  rock  an  additional 
singularity  and  complexity  of  character  and  appear- 
ance. This  kind  also  passes,  on  one  hand,  into  the 
lodes,  as  at  Breage,  Poldory,  Roche,  and  Kit  Hill : 
and,  on  the  other,  into  the  contiguous  rocks. 

Near  the  junction  of  the  granite  and  slate  the 
schorl  and  quartz  are  often,  in  almost  microscopic 
crystals,  most  intimately  mixed :  the  rock  is  of  a 
bluish-grey,  and  to  the  eye,  unassisted  by  the  lens, 
appears  homogeneous. 

In  granite  the  schorl  rock  is  commonly  a  simple 
mixture  of  schorl  and  quartz,  which,  in  fact,  are 
often  in  distinct  crystals,  as'at  PoUadan  Cove,  Roche 
Rock,  Carclaze,  &c.  In  such  a  state  it  often  forms 
part  of  the  lodes. 

In  granite  the  transitions  between  the  rock  and 
the  lode  are  very  similar  to  those  between  the  slate 
and  the  lodes :  but  as  in  the  granite  the  lodes  are 
comparatively  more  felspathic  than  quartzose,  and 
the  association  of  felspar  and  quartz  gives  them  a 
more  granitic  aspect,  the  passage  is  usually  more 
gradual,  and  the  chief  distinction  is  that  schorl  is 
perhaps  more  general  and  abundant  in  the  lodes  than 
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in  the  rock;  yet,  on  account  of  the  greater  simplicity 
of  mineral  composition^  the  change  is  completed 
sooner  than  among  the  soft  clay  slate,  in  which,  as 
already  stated,  the  veins  of  quartz  are  so  conspicu- 
ous and  important. 

The  case  of  the  Elvans  is  an  intermediate  one, 
for  the  veins  of  quartz  which  strike  off  from  the 
lodes  disappear  more  suddenly  than  they  do  in  the 
slate;  whilst  they  are  more  numerous,  and  the 
mineral  transitions  are  less  speedily  affected,  than  in 
the  granite.  Illustrative  examples  occur  at  Great 
Wheal  Fortune,  Dolcoath,  and  Polgooth. 

In  some  places  beds,  nearly  horizontal,^  separate 
from  the  lodes,  are  productive  at  considerable  dis- 
tances from  them,  and,  indeed,  frequently  extend 
from  one  lode  to  another,  as  at  Wheal  Reeth  and 
Wheal  Vor.  The  tin  floors  in  slate  at  Botallach- 
hunn}f  have  been  long  known,  but  they  may  be 
observed  also  in  slate  at  Wheal  Vor,  and  in  granite 
at  Wheal  Reeth  and  Wheal  Speed:  copper  ores 
occur,  in  similar  floors,  at  Wheal  Friendship  in 
slate,  and  at  Wheal  Trannack  in  granite.  The  Tre- 
vaunance  lode  in  Polberrow  differs  little,  if  at  all,  in 
character  from  these  deposits. 

It  has  been  already  remarked^  that  small  veins 
often  separate  from  the  lodes  and  strike  off  into  the 

1  Dr.  Borlase,  Natural  History,  p.  161. 

s  Mr.  Pryce,  Mineral.  Comub.,  p.  81 :  Mr.  Hawkins,  Cornwall  Geo.  Trans., 
ii.  p.  33 :  Mr.  Carne,  Ibid,  p.  328,  &  Journal  of  Statistical  Soc.  (1839),  ii,  p.  260 : 
M.  Fournet,  Etudes  sur  les  Depots,  M^tallif^res,  p.  232 :  and  Mr.  R«  W.  Fox, 
Report  of  the  Royal  Cornwall  Polytechnic  Society  (1836),  p.  83« 

3  Ante^  p.  176. 
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rock,  and  there  dwindle,  die  away,  or  come  to  no- 
thing, others  lose  their  metallic  contents,  alter  their 
bearings  and  inclinations  until  they  coincide  with 
the  cleavage  planes  or  joints,  and  continue  through 
the  rock  as  integral  parts  of  it,  as  at  Whetd  Cunnings 
Herlandy  Binner  Downs,  PoUadras  Downs,  Pol- 
gooth,  Wfieal  Friendship,  &c. 

In  the  vicinity  of  the  lodes  and  strings  the  rocks 
not  only  alter  in  their  mineral  characters,  but  almost 
invariably  become  softer,^  possibly  from  the  action  of 
water  which  the  cellular  or  drusy  character  of  the 
lodes  allows  to  circulate  more  freely  than  it  does  in 
the  rocks.  From  this  cause,  with  few  exceptions, 
the  mining  excavations  require  to  be  supported  and 
kept  open  by  wooden  props  and  partitions,^  which, 
however  strong  they  may  be,  are  sometimes  insuffi- 
cient for  their  intended  purposes.^ 

The  masses  of  rock  (horses  of  ground),  already 
mentioned,  which  are  on  all  sides  enclosed  by  the 


1  Mr.R.  W.  Fox, Reportofthe Royal CornwaIlPolytechnicSoc.(1836)^p.88: 
and  Mr.  Burr,  Mining  Review  (Dec.  1837),  p.  186. 

3  The  annual  consumption  of  Norway  debenture  timber  in  the  Cornish 
mines, — for  ten  years,  ending  1827,  averaged  11,845  loads;  and  for  ten  years, 
ending  1837, 19,457  loads :  taking  four  trees  to  the  load  of  timber,  the  nam- 
bers  will  respectively  be  47,380  and  77,828  trees. 

Sir.  C.  Lemon,  Bt.,  Journal  qfthe  Statistical  Society,  i.  (June  1838),  p.  81. 

3  The  decomposing  influence  of  the  air  on  greenstone  is  very  remarkable. 
Rocks  of  this  kind,  which  at  first  the  labourer  can  with  difficulty  penetrate, 
within  a  few  weeks  after  they  have  been  opened  become  so  soft,  and  hare  their 
joints,  which  were  hardly  discernible,  so  freely  displayed,  that  strong  and  close 
boarding  is  required  in  order  to  keep  the  leveli  open ;  and  even  then  the  wood  is 
often  slowly  and  almost  imperceptibly  crushed,  and  the  workings  are  dosed. 
In  some  measure  this  also  happens  in  granite  after  its  exposure  to  the  air;  hot 
with  more  certainty,  and  to  a  far  greater  degree,  if  a  recent  excavation  be- 
allowed  to  fill  with  water.  This  softening  of  the  rock  is  locally  called 
a  provincial  term  applied  also  to  the  thawing  of  a  frozen  substancet 
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lodes  and  hrancheSy  are  composed  sometimes  of  one, 
sometimes  of  different  kinds  of  rock,  according  to 
the  locality :  where,  however,  they  occur  at  a  junc- 
tion of  two  rocks,  the  line  of  the  contact  of  such 
rocks  is  prolonged  through  the  enclosed  masses 
(horses)  in  a  conformable  position,  and  with  as  much 
regularity  as  in  the  walls  of  the  enclosing  veins,  as 
at  Cooh's-ki token,  and  Dolcoath. 

I  wish  to  observe  here  that  the  lodes,  branches, 
and  the  portions  of  rock  included  between  them, 
form  a  very  considerable  proportion  of  the  entire 
mass:^  whatever  forces  may  have  caused  the  pre- 
sent structure  of  the  rocks,  and  produced  the  lodes, 
they  do  not  seem  to  have  occasioned  any  motion  in 
the  parts  thus  enclosed. 

(J.)  2.  The  composition  of  lodes  in  different  rocks?" — 
The  general  law  seems  to  be  that  a  change  of  rock 

1  ^'  On  the  supposition  that  veins  were  originally  fissures^  Cornwall  must 
''  have  been  subject  to  innumerable  convulsions ;  and  in  some  districts  the  total 
*^  thickness  of  these  openings  must  have  borne  no  inconsiderable  proportion  to 
'^  the  whole  mass.  In  St.  Just,  for  instance,  within  a  single  mile,  how  nu- 
'*  merous  the  parallel  lodes  are  which  have  been  worked ;  and  these  are  few 
«  compared  with  those  that  have  not  been  examined,  and  still  more  so  with 
"  those  veins  that  are  not  metalliferous."    Dr.  Boase,  Primary  Geology, p.  359. 

2  This  was  first  noticed  by  Dr.  Borlase,  who  says : — 

**  If  the  general  run  of  the  neighbouring  strata  be  of  any  particular  colour, 
''  be  lax  or  compact,  be  of  a  spar  or  crystal  cement,  be  of  slat,  granite,  or  any 
'*  other  stone,  so  will  the  lode  be  for  the  most  part.''     Natural  History ,  p.  147. 

It  has  also  been  alluded  to  and  described  by  Mr.  Pryce,  Mineral.  Cornub., 
p.  94 :  Mr.  Carne,  Comw.  Geo.  Trans.,  iii.  p.  78 :  Dr.  Boase,  Ibid,  iv.  p.  441, 
&  Prim.  Geol.,  p.  168:  Mr.  Burr,  Mining  Rev.,  No.  viii.(May,  1836),  p.  218 : 
Mr.  R.  W.  Fox,  Report  of  the  Royal  Cornwall  Polytechnic  Soc.  (1836),  p.84 : 
Mr.  Bakewell,  Introduction  to  Geology  (4th  edit.),  p.  430 :  Dr.  Macculloch, 
System  of  Geology,  i.  p.  386 :  Professor  Phillips,  Encyclo.  Metrop.  Geology, 
p.  772, — re-printed  from  the  Encyclo.  Brit.,  p.  272;  Lardner's  Cabinet  Cyclo., 
ii.  p.  134 :  Mr.  De  la  Beche,  Geological  Manual  (3rd  edit.),  p.  492 ;  Researches 
in  Theoretical  Geology,  p.  218 ;  Report,  p.  335  :  My  own  Papers,  Phil.  Mag, 
and  Annals,  x.  (1831),  p.  460 ;  Edin.  JNew  Phil.  Journal,  xxu.  (1837), 
pp.  156-271 ;  Annals  of  Electricity,  i.  (1837),  p,  124;  Annales  des  Mines,  xi. 
(1837),  p.  586. 


190       W.  J.  Hen  WOOD,  oh  the  Metalliferous 

is  characterized  by  an  instant  and  corresponding 
alteration  in  both  the  metalliferous  and  earthy 
minerals  of  the  lodes.  This,  as  might  have  been 
expected,  is  much  more  remarkable  where  the  rocks 
are  very  dissimilar  than  when  their  compositions 
vary  but  slightly.  In  the  Saint  Just  district  vitreous 
copper  ore  occurs  at  Levant,  BotaUach,  Wheal  Cochf 
and  in  most  of  its  mines  worked  in  the  greenstone ; 
whilst  tin  ore  is  the  only  produce  of  Wheal  Bellon, 
Wheal  Cunning,  Boscaswell  Doums,  and,  in  short, 
of  all  those  which  are  wholly  in  the  granite.  In  the 
Saint  Ives  district  vitreous  copper  ore  and  copper 
pyrites  are  almost  the  only  metallic  minerals  found 
at  Wheal  Trenwith,  Providence  Mines,  and  others 
worked  in  the  greenstone,  and  slate  formation; 
whilst,  in  the  granite,  at  Saint  Ives  Consols,  Rose- 
wall  Hill,  Balnoon,  Wlieal  Reeth,  WJieal  Mary,  &c., 
only  tin  ore  is  found.  The  Gwinear  and  Crowan 
district  is  chiefly  in  the  slate  formation,  and  copper 
pyrites  is  the  product  of  the  mines  in  that  rock, 
except  in  certain  cases  to  be  mentioned  presently. 
At  Great  Work,  in  the  Helston  district,  the  passage 
of  Wheal  Breage  lode  from  granite  to  slate  is  at- 
tended by  the  instant  disappearance  of  the  tin  ore  it 
contained  in  the  former.^  On  the  other  hand,  at 
Wheal  Vor,  in  the  same  neighbourhood,  the  lode  is 
productive  of  tin  ore  in  slate,  and  becomes  utterly 
worthless  in  granite.  In  Great  Work  it  must  how- 
ever be  noticed  that  the  granite  is  micaceous,  whilst 

1  Mr.  Came,  Cornwall  Geo.  Trans.,  ii.  p.  03  :  My  own  Paper,  Edin.  New 
Phil  Journal,  xxii,  p.  157 :  Mr,  De  la  Beche,  Report,  p.  338. 
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in  Wheal  Vor  it  contains  talc  also;  and  that  the 
slate  rock  of  the  former  is  a  greenstone^  but  that  of 
the  latter  a  lamellar  and  dark  blue  passing  into  a 
purplish  slate>  In  Dolcoath,  Cook's-kitchen^  Tin- 
croft,  and  the  Cairn  Brea  Mines,  the  lodes  in  the 
granite  in  general  contain  more  tin  ore  than  they  do 
in  slate,  and  frequently  more  of  vitreous,  and  earthy 
black  copper  ores  also;  and,  almost  invariably,  a 
much  larger  proportion  of  earthy  brown  and  red 
iron  ores.  In  the  Saint  Austell  district  copper  ores 
aboilnd  in  the  schistose  slate  rocks  at  Pembroke, 
East  Crinnis,  and  Fowey  Consols;  but  in  the  quartz- 
ose  slate  of  Polgooth,  the  micaceous  slate  of  Charles-^ 
town  Mines,  and  throughout  the  granitic  tract  of 
that  neighbourhood,  tin  ores  only  are  found.  The 
granite  of  Kit  Hill,  and  of  Dartmoor,  have  hitherto, 
with  a  single  exception,  yielded  tin  ore  only;  whilst 
the  slate  series  of  that  district  affords  the  ores  of 
copper,  lead,  and  silver,  but  those  of  tin  very  sparing- 
ly, as  at  Drake  Walls,  &c. 

Small  quantities  of  vitreous  copper  ore  occur  in 
the  granite,  near  its  junction  with  the  slate,  in  Levant, 
Wheal  Edward,  and  some  other  of  the  mines  in 
Saint  Just;  and  in  similar  situations,  and  mixed  with 
native  copper  and  copper  pyrites,  at  Wheal  Speed,  and 
Providence  Mines  near  Saint  Ives.  At  Great  Work, 
and  in  Wheal  Vor,  a  little  black  copper  ore  occurs 
in  the  granite ;  and  at  Wheal  Trewavas  and  Wheal 
Trannack,    in    the  same  neighbourhood,  vitreous 

2  Mr.  R.  W.  Fox,  Report  of  the  Royal  Cornw.  Polytechnic  Soc.  (1836),  p.  85. 
VOL.  V.  E  E 
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copper  ore  and  copper  pyrites  have  been  plentiful 
in  the  same  rock.  In  the  granite  of  the  Camborne 
district,  near  the  junction  of  the  slate,  vitreous  cop- 
per ore,  mixed  with  copper  pyrites,  has  occurred  at 
Dolcoath,  Cooh's-kitcJien,  Tincrqft,2LnA  the  Cairn  Brea 
Mines.  Wheal  Butter,  in  the  Gwennap  district,  has 
yielded  vitreous  copper  ore  and  copper  pyrites,  both 
in  slate  and  in  granite,  but  far  more  plentifully  in 
the  former,  and,  in  the  latter,  only  at  small  distances 
from  the  junction  :  in  Tresavean  the  lode  affords 
enormous  quantities  of  copper  pyrites  in  the  granite, 
but  is  exceedingly  deteriorated  in  value  on  entering 
the  slate  ;^  a  similar  fact  presented  itself  in  the  ad- 
joining mine  of  Penstruthal.  In  the  same  neigh- 
bourhood the  lodes  of  Wheal  Jewel  and  East  Wheal 
Damsel  have  produced  copper  pyrites  whilst  in  slate, 
but  vitreous  and  black  copper  ores  only  when  they 
enter  the  granite.  At  Gunnis  Lake,  which  is  in 
granite  (on  the  declivity  of  Kit  Hill),  vitreous  and 
black  copper  ores  are  almost  the  only  metallic 
minerals. 

At  Great  Wheal  Fortune  the  lode  runs  for  a  short 
distance  with  slate  on  one  side  and  ehan  on  the 
other :  the  side  in  contact  with  the  slate  is  a  spotted 
bluish-green  quartzose  slate,  with  spots  of  copper 
pyrites ;  and  the  other  is  also  of  quartz,  but  much 
mixed  with  felspar,  and  contains  a  sprinkling  of 
vitreous  copper  ore.  At  Dolcoath  the  Counter  lode 
runs  for  several  fathoms  between  elvan  and  slate  on 
both  sides  of  the  elvan-course ;  and,  in  either  case,  is 

1  My  own  Paper,  Edin.  New  Phil.  Journal,  xxii.  p,  157. 
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alike  tolerably  productive  of  vitreous  copper  ore, 
but,  during  its  passage  through  the  elvan,  it  is  small 
and  split  into  numerous  strings,  and  scarcely  worth 
working.  In  Ting  Tang  the  lode  yielded  copper 
pyrites,  vitreous  and  black  copper  ores,  the  carbon- 
ates, arseniates,  the  silicate,  and  the  oxide  of  copper, 
with  abundance  of  native  copper,  whilst  in  elvan ; 
in  slate  it  was  almost  wholly  a  quartzose  slate ;  in 
granite,  however,  it  was  almost  entirely  (gossan) 
earthy  brown  iron  ore. 

At  The  Wherry f  and  Parhola^  veins  of  tin  ore 
penetrate  the  elvan  in  all  directions ;  but  disappear 
immediately  on  touching  the  slate.  In  Relistian, 
Wheal  Tor,  and  Wheal  Unity  Wood,  the  lodes, 
which  yield  tin  ore  in  abundance  whilst  in  the  elvan, 
become  altogether  unproductive  in  the  adjoining 
slate. 

It  may  further  be  remarked  that  as  we  ascend  in 
the  slate  series,  and  approach  either  the  more  exten- 
sive deposits  of  its  organic  remains  on  the  north 
coast,  from  Ligger-bay  eastward,  or  those  rocks 
in  which  traces  of  carbonaceous  matter  are  found, 
near  Boscastle,  and  in  the  neighbourhood  north  of 
Tavistock,  the  lodes  contain  more  and  more  of 
galena. 

The  position  and  configuration  of  the  granite 
masses  seem  to  exercise  an  influence  on  the  disposi- 
tion or  arrangement  of  ores  contained,  not  only  in 
the  lodes  which  occur  in  that  rock  itself,  but  also  in 
those  which  traverse  the  slates  adjacent  thereto :  for 
the  masses  or  shoots  of  ore  in  any  given  lode  have^ 

££2 
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generally  speaking,  a  prevailing  dip^  and  whether 
they  occur  in  granite  or  in  slate^  whether  on  the 
eastern  or  western  side  of  the  granitic  tracts,  this 
inclination  is  invariably  towards  the  great  body  of 
the  slate/ 

At  BotaUack  one  of  the  lodes  passes  no  less  than 
three  different  times  from  granite  into  slate,  and  at 
every  change  in  the  granite  it  yields  tin  ores  only, 
but  wherever  it  traverses  the  slate  its  metallic  pro- 
duce is  wholly  vitreous  copper  ore :  other  cases  of  a 
like  nature  might  be  mentioned,  but,  notwithstanding 
these,  the  general  fact  seems  to  be  that  the  same  lode 
is  seldom  productive  in  adjoining  rocks  of  different 
descriptions.^  Variations  in  the  character  and  com- 
position of  rocks  of  the  same  series  are  accompanied 
by  great  changes  of  the  lodes  by  which  they  are 
traversed;  but  this  important  fact  may  be  more 
appropriately  discussed  in  a  subsequent  part  of  this 
Memoir.' 

Notwithstanding  the  enormously  rich  hunches  of 
tin  ore  which  have  occurred  in  slate  at  Wheal  Vor, 
Saint  Agnes,  Polgooth,  Charlestoum  Mines,  and  in 

1  My  own  Paper,  Edin.  New  Phil.  Jonmal,  xxii.  p.  157.  This  view  of  the 
dispoBition  of  shoots  of  ore  embraces  those  which  are  foand  in  the  granite,  as 
well  as  these  in  the  slate  series.  It  therefore  includes  that  of  Mr.  Tiegaakis, 
which  has  subsequently  been  quoted  by  Mr.  R.  W.  Fox,  Report  of  the  Royal 
Cornwall  Polytechnic  Society  (1836),  p.  95. 

s  '<  It  is  rarely  the  case  that  a  lode  which  has  been  productive  in  one  rock, 
continues  rich  long  after  it  has  entered  another.'^ 

Mr.  Carmb,  CormDcU  Geo,  Tnau,f  UL  p,  79* 

*'  Many  lodes  which  yield  abundance  of  ore  in  granite,  are  unproductive  in 
"  killas,  and  vice  yenk" 

Mr.  R.W.  Fox,  Report  of  the  Royal  ComwuU  Poliftechnic  iS^.(1836),  p.  88. 

Mr,  Burr,  Mining  Review,  No.  x,  (Dec,  1887),  p.  180. 

3  On  the  circumstances  which  seem  to  affect  the  metallic  contents  of  Iddss, 
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some  other  spots ;  and  the  valuable  discoveries  of 
copper  pyrites  in  granite  at  Tresavean,  and  in  the 
massive  slate  rocks  at  North  Roshear,  East  Wheal 
Crqfty,  and  in  some  parts  of  Dolcoath  and  Cook's- 
kitchen,  yet,  on  a  general  view  of  the  whole  tract 
under  consideration,  it  will  appear  that  the  lodes  in 
granite,  elvan,  and  the  massive  varieties  of  the  slate 
series,  have  yielded  beyond  comparison  the  largest 
quantities  of  tin  ore,  and  of  the  vitreous  and  earthy 
black  ores  of  copper,  together  with  the  rare  and  un- 
common crystallized  varieties  and  compounds  of  that 
metal ;  whilst  the  lodes  which  traverse  the  schistose 
slates  have  chiefly  afforded  copper  pyrites,  usually  in 
the  massive  form,  and  but  seldom  any  other  varieties 
of  copper  ores/ 

2.  The  composition  and  structure  of  the  rocks 
which  form  the  opposite  walls  of  lodes. — If  at  a  dis- 
tance from  the  junctions  of  the  slate  rocks  with 
granite  or  the  elvans,  and  in  either  of  these  rocks, 
we  take  areas  of  small  extent,  we  shall  commonly 
find  their  characters  and  compositions  so  uniform, 
that  no  particular  beds  or  layers  can  be  accurately 
identified  even  at  minute  distances:  probably  on 
this  account  it  has  been  taken  for  granted  that  the 
rocks  which  compose  the  opposite  sides  of  lodes 
have  a  perfect  correspondence  with  each  other.  It 
is  not,  however,  in  such  situations  that  we  must  look 
for  decisive  evidence  on  a  point  of  so  much  import- 
ance :  but  in  those  localities  where  the  junctions  of 


1  My  own  Papers,  Edin,  New  Phil.  Journal,  xxii.  (1837),  pp.  157-271; 
Annals  of  Electricity,  i.  (1837),  p.  125 ;  Annales  des  Mines,  xi.  (1837),  p.  587. 
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rocks,  differing  in  mineral  composition^  and  mechani- 
cal stucture,  present  features  which  cannot  be  mis- 
taken^ and  indications  which  cannot  be  confounded. 

For  had  the  surfaces  of  rock^  now  separated  by 
the  intervention  of  the  lodes,  been  united  at  the  time 
of  their  first  solidification^  we  should  see  an  exact 
coincidence  between  their  mineral  and  mechanical 
characters,  markings,  &c. :  even  when  they  were 
found  at  different  levels  on  opposite  sides  of  the 
lodes,  the  direction  of  such  a  motion,  as  might  bring 
them  again  in  contact,  and  make  their  distinctions 
exactly  to  fit  each  other,  ought  to  be  evident. 

On  account  of  the  few  localities  in  which  such  par- 
ticulars could  be  examined  I  have  paid  the  closer  and 
more  careful  attention  to  the  facts  which  have  come 
under  my  notice,  with  a  view  to  the  confirmation  or 
contradiction  of  this  supposed  correspondence. 

(a.)  At  BotaUack  the  lode  runs  for  20  fathoms 
with  granite  on  one  side,  and  slate  on  the  other^  and 
in  the  S.  wall  there  is  a  vein  of  granite  traversing  the 
slate  which  does  not  appear  in  the  same  rock  on  the 
opposite  side  of  the  lode. 

{b.)  At  114  fathoms  deep  in  Levant  a  similar  vein 
of  granite  occurs  in  the  slate  of  the  W.  wcdl,  but  is 
not  seen  on  the  E.  side  of  the  lode. 

(c.)  In  Providence  Mines,  at  58  fathoms  deep,  the 
granite  in  the  S.E.  or  upper  (hanging)  wall  is  6  or 
8  fathoms  further  N.E.  than  in  the  opposite ;  at  76 
fathoms  deep  the  N.W.  lower  (foot)  wall  is  10 
fathoms  further  N.E.  than  the  other;  and,  at  86 
fathoms  deep,  the  junction  is  on  the  same  line  in 
opposite  waUs. 
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At  76  fathoms  deep  a  granite  vein^  4  to  8  inches 
wide,  dipping  N.,  occurs  in  the  N.W.  wall;  and  on 
the  S.E.  side,  at  83  fathoms  deep,  and  9  fathoms  W. 
of  the  spot  last  mentioned^  another  granite  vein 
extends  from  the  main  body  of  the  granite  about  7 
fathoms  into  the  slate ;  it  is  about  8  inches  thick 
near  the  junction,  but  thins  off  to  an  edge  as  it 
recedes  from  the  granite. 

(rf.)  Granite  veins  are  much  more  numerous  in 
the  N.  or  hanging  wall  of  Carleen  lode  in  Wheal  Vor, 
at  68  fathoms  deep,  than  in  the  opposite  one.  At 
75  fathoms  deep,  in  the  same  mine,  a  thick  bed  of 
granite  intersects  the  slate,  and  dips  E. :  between 
this  and  the  mass  of  the  granite  the  intervening 
space  is  also  traversed  by  numerous  small  granite 
veins ;  but  this  phenomenon  is  confined  to  the  N. 
wally  for  neither  the  bed  nor  the  veins  appear  in  any 
part  of  the  opposite  side  of  the  lode. 

(e.)  At  Wheal  Trannack  the  lodey  at  34  fathoms 
deep,  continues  for  10  fathoms  with  granite  on  the 
S.  (hanging)  wall,  and  slate  on  the  N.  At  44,  64, 
and  74  fathoms  deep,  beds  of  granite  appear  in  the 
slate  on  both  sides  of  the  lode. 

{f.)  At  197  fathoms  deep,  near  Harriets  lode  in 
Dolcoathy  which  is  there  split  into  two  branches^  a 
bed  of  fine  grained  schorlaceous  granite  intersects 
the  slate  of  both  wallsy  and  also  the  horse  of  slate 


1  Captain  Petherick,  the  intelligent  manager  of  Dokoath,  informs  Mr.  R.  W. 
Fox,  that  in  that  mine,  *'  in  one  of  the  lodes  (the  caunter)  the  hanging  wall  is 
"  evidently  lower  than  the  foot  wall." 

Report  qf  the  Royal  Comwcdl  Polytechnic  Society  (IS^6),  p.  92. 
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which  is  included  between  the  two  veins^  whilst  in 
all  three  its  bearing  and  dip  are  conformable.^ 

{g.)  At  Cook' S'kitchev?  south  lode  there  is  granite 
in  the  S.  (hanging)  wall,  and  slate  in  the  opposite, 
at  54  fathoms  deep ;  and,  at  the  same  level,  granite 
stands  also  on  the  S.  (but  in  the  Jhot)  wall  of  Totfs 
lode,  and  a  horse  qf  ground  between  two  branches 
of  it  is  partly  of  granite  and  partly  of  slate^  and 
conforms  to  the  positions  of  these  rocks  on  either 
side.  At  Dunkiris  lode,  in  the  same  mine^  the  N. 
(foot)  wall  is  granite,  and  the  S.  wall  slate^  traversed 
by  several  granite  veins  at  48  fathoms  deep :  at  52, 
55,  and  68  fathoms  deep,  the  N.  (foot)  wall  is  slate, 
and  the  opposite  is  of  granite;  the  composition, 
however,  of  the  latter  is  not  exactly  alike  in  all  these 
spots.  At  73  fathoms  deep  the  S.  wall  is  again  of 
slate,  whilst  the  opposite  side  is  of  granite.  The 
Middle  Engine  lode,  at  33  fathoms  deep,  has  the 
N.  (hanging)  wall  of  slate,  and  the  foot  waU  of 
granite ;  but,  at  73  fathoms  deep,  both  sides  are  of 
the  latter  rock.  At  54  fathoms  deep  the  N.  (hang- 
ing) wall  of  Hardshqft  lode  is  of  slate,  and  the  S. 
of  granite. 

(A.)  In  Tincrqft^  a  mass  of  granite  accompanies 
DunMn's  lode  from  the  surface  to  26  fathoms  deep ; 
but,  at  a  short  distance  on  each  side  of  this  granite, 

1  This  is  not  the  mass  of  granite  described  by  Prof.  Sedgwick,  Cambridge 
Phil.  Trans.,  i.  p.  122,  and  figured  in  Mr.  De  la  Beche's  Report,  PI,  viiL 

2  Mr.  Thomas,  Report,  pp.  10-33 :  Mr.  Came,  Comw.  Geo.  Trans,  ii.  p.  75 : 
Mr.  Hawkins,  Ibid,  p.  378 :  See  also  my  own  description,  Phil.  Mag.  &  Annals, 
X.  (1831),  p.  360. 

s  Mr.  Thomas,  Report,  pp.  10-43 :  Mr.  Wm.  Phillips,  Geo.  Trans.,  ii.  o.s. 
p.  152,  Pl.vii.fig.  8, 
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^nd  also  in  both  walls  of  the  lode  from  26  to  84 
fathoms  deep,  slate  is  the  only  rock. 

(i.)  Granite  extends  from  the  surface  to  29  fathoms 
deep  at  Davey's  lode  in  Wheal  Beauchamp,  and  it 
appears  at  the  same  level  on  both  sides ;  but^  at  the 
north  lode,  the  granite  occurs  10  fathoms  further  E. 
in  the  S.  (foot)  wall  than  in  the  opposite,  at  50 
fathoms  deep. 

(^'.)  At  all  depths,  in  Tresavean,  the  granite  ex- 
tends 5  or  6  fathoms  further  E.  in  the  N.  (foot)  wall, 
which  is  furthest  from  the  main  body  of  that  rock, 
than  it  does  in  the  opposite  side. 

(Ar.)  At  Ea^st  Wheal  Damsel,  and  Wheal  Jewel, 
as  far  as  the  workings  have  extended,  the  junction  of 
the  granite  and  slate  are  conformable  on  both  sides 
of  the  lodes. 

(I.)  Beds  of  fine  grained  granite  occur  in  coarser 
varieties  of  the  same  rock,  on  one  side  of  the  lodes, 
both  in  Parh-noweth  and  Ding  Dong,  but  are  not 
seen  on  the  other. 

The  elvavrcourses,  when  intersected  by  hdes,  ex- 
hibit similar  phenomena. 

(m^  The  N.  wall  of  the  hde  at  Gwallon  is  wholly 
elvan,  and  the  S.  entirely  of  slate ;  the  lode  holds  a 
perfectly  regular  course  between  the  two  rocks. 

(n.)  At  Wheal  Darlington  elvan  appears  on  both 
sides  of  the  north  lode,  at  30,  and  also  at  40  fathoms 
deep ;  but,  at  the  latter  depth,  there  is  less  of  it 
on  the  S.W.  (or  hanging)  wall,  than  in  the  other. 
At  70  fathoms  deep  another  elvan-course  occurs  in 
the  S.W.  wall;  and,  on  the  opposite  side  of  the 

VOL.  V.  F  F 
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lode  there  is  slate  for  some  fathoms.  At  70  and  80 
fathoms  deep  elvan  appears  in  the  N.E.  wall  several 
fathoms  before  it  does  in  the  other. 

(p.)  In  HerUmd  an  elvan,  which  dips  W.^  is  inter- 
sected by  the  Fancy  Caunter  lode,  which  dips  S.W., 
and  is  found  6  feet  higher  on  the  N.E.  (fof^)  wall  of 
the  lode  than  in  the  opposite :  another  ehan,  which 
dips  N.W.^  is  traversed  by  the  Conooeatum  lode, 
dipping  S.E.^  and  is  some  fathoms  higher  in  the  S.E. 
(hanging)  wall  than  in  the  other.  But^  in  the  same 
mine^  the  Manor  lode  cuts  through  a  nodular  mass 
of  granite  which  is  imbedded  in  the  slate^  and  is 
found  at  the  same  level  on  both  sides  of  the  lode. 

(p.)  At  Duffield  the  SotUh  lode  intersects  two 
elvan<ourses ;  the  northern  one  appears  in  the  S. 
(foot)  wall  several  fathoms  higher  than  it  does  in 
the  N.  waU;  the  other  ehan  is  simply  cut  through^ 
and  stands  at  the  same  level  on  both  sides  of  the 
hde :  both  elvans  dip  N.,  and  the  hde  underlies  in 
the  same  direction. 

(9.)  In  Trevellas  Downs  some  lodes  intersect  an 
ehanrcourse  on  the  line  of  its  dip,  and  throw  it  up- 
ward several  fathoms ;  it  is  thus  found  lower  in  the 
hanging  than  in  the  foot  walls  of  the  lodes.  This 
elvan  dips  N.,  and  the  lodes  have  an  opposite  in- 
clination.^ 

(r.)  At  Polgooth,  Saint  Martin's  lode  intersects 
the  little  elvan,  whilst  Reskilling  great  ehan  heaioes 
Screeds  hde  6  feet  towards  the  right  hand.    The 

1  Mr.  Conybeare,  Geo.  Trans.,  ir.  0.0.  p.  401,  PI.  zxiii.  fig.  8.    My  own 
Paper,  Report  of  the  Royal  Institution  of  Cornwall  (1818),  p,  SS. 
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two  ehans,  however^  intersect,  and  at  the  point  of 
their  contact  Saint  Martin's  lode  falls  between  them 
and  dwindles  to  nothing,  but  re-appears  at  a  distance 
of  7  fathoms  towards  the  right  hand.^ 

(s.)  At  Dolcoath  the  lode  and  the  ehan-course  fall 
together  diagonally,  and  on  either  side  of  the  elvan 
the  lode  for  some  distance  runs  between  it  and  the 
slate  for  several  fathoms;  the  portion  connecting 
these  opposite  parts  cuts  through  the  elvan  nearly  at 
right  angles.^ 

(t.)  In  West  Poldice  unconnected  masses  of  elvan 
occur  in  the  slate.  At  30  fathoms  deep  the  N.  (foot) 
waU  is  elvan,  and  the  opposite  one  is  slate ;  at  40 
fathoms  deep  the  N.  side  is  of  slate,  and  the  S.  of 
ehan  ;  whilst,  at  50  and  60  Mhoms  deep,  ehan  ap- 
pears in  two  places,  and  in  all  these  cases  in  a  con- 
formable position  in  both  w(Ms. 

(«.)  In  far  the  greater  number  of  cases,  however, 
the  elvans  are  simply  traversed  by  the  lodes,  whether 
they  intersect  on  the  lines  of  their  direction  or  dip. 
This  is  the  case  at  Mara%ion  Mines,  Great  Wheal 
Fortune,  Wheal  Vor^  Stray  Park,  Cairn  Brea  Mines, 
East  Pool,  Wheal  Duller,  Ting  Tang,  The  United 
and  Consolidated  Mines,  Cardrew  Downs,  Wheal 
Prudence,  Wheal  Budnick,  Redmoor,  &c. 

(A.)  In  the  instances  in  which  the  opposite  walls 
of  lodes  exactly  resemble  each  other,  where,  for  ex- 
ample, a  lode  simply  passes  through  an  elvan-course 
without  heaving  or  throwing  it  out  of  its  general 

1  Mr.  Hawkins,  Cornwall  Geo.  Trans.,  i.  p.  151,  PI.  5.    Ante^  p.  128,  PI.  ix. 
fig.  11.  2  Pl.vi.  fig.  3. 
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conformity  in  bearing  and  dip  (y.  A,  h,  w),  or  where 
one  side  is  wholly  of  one  rock  and  the  opposite  of 
another  (i»),  the  fact  may  be  sufficiently  explained 
by  supposing  a  simple  longitudinal  rent  on  the 
bearing  of  the  lode. 

This  solution  may  also  be  in  some  respect  appli- 
cable where  different  portions  of  a  lode  continue  in 
distant  parts  of  its  length  to  run  between  the  elvan 
and  the  slate^  although  on  opposite  sides  (js) :  but  in 
this  case  one  part  of  the  elvatKourse  must  have 
stood  alone  and  unsupported^  though  inclining  at  an 
angle  of  45^^  and  a  contraction  of  the  longitudinal 
dimensions  of  that  rock  must  also  have  taken  place 
to  permit  the  continuity  of  the  lode  being  preserved 
through  it. 

(B.)  Where  at  one  level  the  granite  on  one  side  of 
the  lode  extends  further  in  a  given  direction  than  it 
does  in  the  opposite^  whilst,  in  regard  to  the  same 
rock  and  lode,  the  &ct  is  reversed  at  another  spot, 
it  is  evident  that  at  some  intermediate  point  the 
granite  must  inevitably  occupy  a  coincident  position 
in  the  opposing  waUs:  in  such  a  case  a  curvilinear 
motion  of  the  wedls,  with  this  neutral  point  as  a 
centre,  might  have  afforded  an  explanation.  In  the 
only  example,  however  (c),  a  second  coincidence  in 
the  rock  occurs  at  a  deeper  part,  and  thus  forbids  the 
application  of  such  a  theory. 

(C.)  Where  the  intersected  rock  is  not  at  the  same 
level  on  opposite  sides  of  the  lode  (n,  q),  or  where 
the  position  of  rocks  differs  throughout,  as,  for  in- 
stance, when  the  junction  of  granite  and  slate,  at  all 
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depths^  extends  further  in  a  given  direction  on  one 
side  of  a  hde  than  on  the  other  {i,j)i  the  elevation 
of  one  wall  or  the  subsidence  of  the  other  seems  to 
afford  a  ready  solution.^ 

But  the  same  lodes  which  intersect  different  rocks 
at  different  levels,  on  opposite  sides,  frequently  also 
cut  through  such  rocks  when  they  exactly  coincide 
with  each  other  in  their  positions  on  the  opposing 
walls  (jc,  g,  h,  n,  o,p,  t).  In  these  cases  the  motions 
required  to  bring  the  discordant  portions  together, 
would  produce  equal,  if  not  greater,  breaches  in  the 
continuity  of  those  which  now  agree. 

In  like  manner,  if  we  take  isolated  examples,  and 
apply  one  solution  to  one  fact,  another  to  a  second, 
and  a  third  to  others,  many  difficulties  would  vanish. 
The  chief  obstacle  in  all  these  is,  however,  their 
connections ;  for  when  all  these  circumstances  are 
found  in  the  same  localities,  and  often  within  a  few 
fathoms,  or  even  feet,  of  each  other,  is  it  possible  to 
apply  all  the  foregoing  explanations  (and  many  might 
be  necessary)  to  the  different  examples  as  they  occur  ? 

(D.)  But  further,  there  is  a  very  large  proportion 
of  instances  in  which  the  opposing  faces  have  no 
sort  of  resemblance  to  each  other ;  as,  for  example, 
where  numerous  beds  and  veins  of  granite  traverse 
the  slate  in  one  wall  of  a  hde,  whilst  there  is  nothing 
of  the  kind  in  the  other  (a,  h,  d) ;  or  where  similar 
beds  of  fine  grained  granite  occur  in   a   coarser 


1  This  idea  was  adopted  by  Mr.  Pryce,  Mineralogia  Cornubiensis,  p,  106. 
Mr.  De  la  Beche  also  employs  it  in  his  speculations  on  the  origin  of  lodes, 
Researches  in  Theoretical  Geology,  p.  207,  fig.  38 ;  Report,  p.  344,  fig.  60. 
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grained  granite  on  one  side  of  a  lode,  but  do  not 
appear  in  the  opposite  (/)•  From  facts  like  these, 
which  are  numerous,  it  is  hardly  necessary  to  state 
the  obvious  conclusion,  that  these  dissimilar  rocks 
can  never  have  formed  continuous  portions  of  an 
unbroken  mass. 

3.  The  general  composition  qf  the  lodes. — The 
most  cursory  reference  to  any  of  the  preceding 
tables,  or  to  the  details  which  accompany  them,  will 
at  once  show  that  much  the  largest  proportion  of 
the  mineral  composition  of  the  loiles  consists  of 
quartz.  Near  the  surface  this  is  full  of  hollows  and 
drusy  cavities,  is  often  more  or  less  mixed  with  earthy 
brown  iron  ore,  varies  extremely  in  hardness  and 
depth  of  colour,  and  is  provincially  called  gossan.^ 

For  the  most  part,  when  gossans  contain  metallic 
substances,  they  are  tolerably  hard,  and  their  ferru* 
ginous  matter  is  almost  a  chocolate  brown;  but 
they  may  contain  softer  portions ;  for  example,  a 
friable  quartz,  locally  called  sugary  spar  ;*  and  also 
felspar  clay,  often  called  prian?  Gossans  of  this 
nature  are  more  frequently  found  to  accompany  the 
ores  of  copper  than  those  of  other  metals. 


1  Dr.  Borlase,  Natural  History,  p.  107  :  M.  Jars,  Voyages  MMallargiques 
(17G5),  iii.  p.  192 :  Mr.  Pryce,  Mineral.  Cornub.,  pp. 88-89:  Mr.  Wm.  Phillips, 
GcM).  Trans.,  o.s.  ii.  p.  117 :  Mr.  Came,  Cornwall  Geo.  Trans.,  ii.  p.  95:  Mr. 
Burr,  Mining  Review,  No.  vi.  (1832),  p.  221,  lio,  x.  (1837),  p.  171 :  Mr.  R.  W. 
Fox,  HeiK)rt  of  Royal  Cornw.  Polytech.  Soc.  (1836),  p.  85 :  Mr.  De  la  Beche, 
Report,  p.  326. 

2  Mr.  Pryce,  Mineral.  Cornub.,  p.  92:  Mr,  Came,  Cornw.  Geo.  Trans.,  ii. 
p.  101 :  Mr.  Burr,  Mining  Review,  No.  x.  (1837),  p.  171-2 :  Mr,  R.  W.  Fox, 
Report  of  Royal  Cornw.  Polytech.  Soc.  (1836),  p.  86. 

^  Mr.  Prycc,  Mineral.  Cornub.,  p.  90 :  Mr.  Wm.  Phillips,  Geo.  Trans.,  0.8. 
ii.  p.  119. 
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In  many  parts  of  this  County,  from  time  imme* 
morial,  the  gossans  have  been  worked  for  tin  ores/ 
as  at  Levant,  Cairn  Brea  Mines,  and  Wheal  Spin- 
ster, and  more  recently  for  silver  ores,  of  which 
small  quantities  are  found^  at  Wheal  Falmouth,  Ball- 
due,  and  in  some  other  places.  In  these  superficial 
portions  of  the  hdes  much  iron  pjrrites  (mundic)  has 
been  found  at  Wheal  Bolton,  East  Wheal  Crqfty, 
Pennance,BalUdue,  United  Mines,  Wheal  Devonshire, 
East  Crinnis,  Virtuous  Lady,  &c.^  In  similar  situ- 
ations blende^  is  also  of  frequent  occurrence,  as  at 
Union,  United,  and  Consolidated  Mines,  BalUdue, 
and  Wheal  Hope,  and  in  Wheal  Prudence,  Wheal 
Budnick,  and  many  other  mines  at  Saint  Agnes. 
Galena,  too,  has  not  rarely  been  found  under  like 
circumstances,  as  in  East  Wheal  Crqfty,  Wheal 
Budnick,  Wheal  Friendship,  Redmoor,  Wheal  Bro- 
thers, &c. 

The  shallower  portions  of  the  lodes  also  frequently 
yield  earthy  black  copper  ore,  disseminated  through 
the  gossan,  as  in  Spearn  Moor,  Botallack,  Wheal 
Kayle,  Wheal  Jewel,  The  Consolidated  Mines,  &c. 
Native  copper,  and  its  red  oxide,  as  well  as  its  car- 
bonates and  arseniates,have  also  abounded  among  the 


1  Mr«  Pryce,  Mineral,  Coniab,,  p.  44 :  Mr,  Came,  Comw.  Geo.  Trans.,  ii. 
p.  102,  iii.  p.  37 :  Mr.  R.  TV.  Fox,  Report  of  Royal  Ck>m.  Polytech.  Soc.  (1836), 
p.  85 :  Mr.  De  la  Beche,  Report,  p.  326. 

2  Mr.  Bnrr,  Mining  Review,  No.  x.  (1837),  p.  172. 

s  The  frequent  occurrence  of  iron  pyrites  in  the  shallow  parts  of  those  lodes 
which  have  become  rich  at  greater  depths  has  originated  the  local  proverb, — 
^'mnndic  rides  a  good  horse."  See  Mr.  Pryce,  Mineral.  Cornnb.,  p.  42: 
Mr.  Wm.  Phillips,  Geo.  Trans.,  o.s.  ii.  p.  121 :  Mr.  Burr,  Mining  Review, 
No.  X.  (1837),  p.  172. 

4  Mr.  Pryce,  Min.  Corn.,  p.  93 :  Mr.  Wm,  Phillips,  Geo.  Trans.  o.8.  ii,  p.  121. 
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gossans  of  Levant,  Botallack,  Dolcoath,  Wheal  Buller, 
Penstrutfial,  Ting  Tang,  Wheal  Garland,  Wheal 
Unity,  Wheal  Charlotte,  Great  Saint  George,  Pem- 
broke, Gunnis  Lake,  &c. 

It  may  be  noticed  here  that  the  greater  number 
of  rare  and  curious  crystalline  minerals  occur  in  the 
shallower  portions  of  the  lodes,  and  usually  where 
gossan  is  plentiful :  and,  again,  that  these  rarities 
are  seldom  found  in  connection  with  large  quantities 
of  ore,^  although  the  same  lodes  may  be  productive 
when  these  are  absent ;  as,  for  example,  at  Botallack, 
Speam  Moor,  Wheal  A  If  red,  Dolcoath,  Wheal  Tolr 
gus,  WJieal  Buller,  Penstruthal,  Ting  Tang,  Wheal 
CJmrlotte,  United  Hills,  East  Crinnis,  Pembroke, 
Gunnis  Lake,  Virtuous  Lady,  &c. 

Copper  pyrites  now  and  then  occurs  in  gossan, 
but  very  rarely.* 

But  gossan,  though  for  the  most  part  confined  to 
the  shallower  portions  of  the  lodes,  is  sometimes 
found  at  very  great  depths,  as  in  Dolcoath,  Wheal 
Reeth,  Ting  Tang,  Wheal  Garland,  &c. :  such  cases 
are  unusual,  and  are,  perhaps,  more  common  in 
granite  than  in  other  rocks. 

1  In  producing  the  crystallization  of  double  chlorides,  by  electric  forces 
emanating  from  a  single  pair  of  plates,  M.  Becquerel  remarks  that  ^'  the  crystal 
'*  is  complete  at  first,  but  when  the  apparatus  has  been  a  long  time  in  operation, 
'<  the  angles  of  the  crystal  become  gradually  truncated.  It  woold  seem  from 
'^  that  circumstance  that  when  the  particles  of  the  substance  which  crystallizes 
''  are  not  sufficiently  abundant,  the  force  which  determines  the  legalar  grouping 
^'  of  these  particles  has  no  longer  the  energy  requisite  to  complete  the  crystal.'' 
TraU6  de  VElectricit^  et  du  MagneHsme  (1835),  iii.  p.  312 :  TttyUn^s  ScienHfic 
Memoirs f  i.  p.  431. 

The  analogy  between  this  experiment  and  the  fact  stated  in  the  text  is  too 
remarkable  to  be  overlooked. 

2  I  have  seen  fine  specimens  of  copper  pyrites  in  gossan  at  Cae  Mawr,  near 
Dolgelly,  in  North  Wales. 
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However  much  the  surface  may  undulate,  still  the 
upper  parts  of  the  hdes  present  the  same  appear- 
ances, and  the  gossan  and  other  substances  which 
usually  accompany  them  are  found  as  far  below  the 
surface,  where  they  traverse  valleys,  as  when  they  run 
through  hilly  ground.^ 

The  foregoing  pages  have  shown  that  the  ores  of 
copper  and  tin  are  often  intermixed  in  the  same  lodes, 
as  at  BotaUachy  Levant,  Wheal  Darlington^  Marazion 
Mines,  Saint  Ives  Consols,  Dolcoath,  Cook'S'kitchen, 
Tincrqft,  Cairn  Brea  Mines,  Wheal  Jewel,  Poldice, 
Wheal  Unity  Wood,  Wheal  Friendship,  &c.  In  most 
lodes,  however,  the  one  or  the  other  is  commonly  the 
prevailing  mineral,  and  in  those  most  prolific  of  cop- 
per ore,  gossan  is  generally  plentiful ;  whilst  it  is 
often  scarce  where  tin  ore  abounds.  Wh^i  there  is 
no  gossan  the  shallower  portions  of  the  hdes  consist 
of  a  blackish  quartz,  which  in  slate  is  sometimes 
mixed  with  slaty  matter  (capel),  and  in  granite  with 
schorl.^ 

In  lodes  which  contain  gossan  near  the  surface, 
at  greater  depths  there  is  generally  a  diminution  of 
its  ferruginous  ingredients.  Where  copper  ores 
abound  the  earthy  black  copper  ore  at  first  is  mixed 
with  the  gossan,  the  proportion  of  iron  ore  decreases. 


1  ''  Veins  commonly  possess  the  same  general  appearances  in  valleys  as  in  the 
'^  contiguous  hills,  *  *  *  in  both  situations  the  metalliferous  veins  are  in  gene- 
''  ral  equally  furnished  with  '  gossan/  or  other  foreign  matter  overlying  the  ore." 

Mr.  R.  W.  Fox,  London  and  Edm.  Phil,  Mag.,  i.  (1832),  p.  339. 

2  The  term  scovan,  which  has  now  fallen  into  disuse,  was  formerly  applied  to 
lodes  which  afford  no  gossan.  See  M.  Jars,  Voyages  M^tallurgiques,  iii.  p.  193 ; 
Mr.  Pryce,  Min,  Corn.,  p.  90 ;  Mr.  Wm.  Phillips,  Geo.  Trans,  o.s.  ii.  p.  118. 
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and  that  of  the  copper  increases ;  whilst,  in  those 
portions  of  the  lodes  which  are  unproductive  imme- 
diately beneath  the  gossan,  the  ferruginous  particles 
are  replaced  by  hard  milk-white  quartz.  In  either 
case  the  transition  is  effected  by  gradual  and  almost 
imperceptible  alterations  in  the  mineral  composition, 
in  perfect  analogy  with  those  already  described  as 
occurring  between  the  lodes  and  the  containing 
rocks. 

Notwithstanding  the  lodes  are  sometimes  divided 
by  longitudinal,  and  at  others  by  transverse  joints, 
often  uniting  below  and  at  either  end,  and  occasion- 
ally afford  traces  of  horizontal  bedding,  these  ap- 
pearances are  mostly  confined  within  narrow  limits, 
whilst  the  far  larger  part  of  every  lode  exhibits  no 
trace  of  any  particular  arrangement  or  configuration- 
Frequently,  however,  the  prevailing  mineral  runs 
continuously  through  the  lode  for  considerable  lengths 
and  depths,  forming  what  is  provincially  called  the 
leader  ;^  but  it  is  equally  or  even  more  common  for 
all  the  components  to  be  mixed  with  great  irregu- 
larity. In  the  latter  case  either  of  them  may,  for  a 
short  space,  form  small  veins,  spangles,  unconnected 
lumps,  &c. ;  whilst,  within  a  few  feet,  the  order  is 
reversed,  and  the  previously  included  mineral  be- 
comes a  portion  of  the  matrix.  These  exchanges  of 
condition  may  be  effected,  at  short  intervals,  in 
several,  or  even  all,  of  the  mineral  substances  forming 
the  lode.    Sometimes  the  minerals  of  which  the  lodes 


1  Mr.  Wm.  Phillips,  Geo.  Trans.,  0.8.  ii.  p.  138. 
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are  composed  are  compact  and  perfectly  solid,  at 
other  times  they  abound  in  cavities  and  hollows.^ 
These  may  occur  indifferently  in  any  one  of  the 
ingredients, — they  vary  greatly  in  their  dimensions : 
sometimes  they  are  not  larger  than  the  cells  of  a 
honey-comb/ whilst  in  others  they  are  several  fathoms 
in  length  and  depth.^ 

It  has  been  already  stated  that  the  compact  por- 
tions of  the  lodes  are  chiefly  siliceous  :^  and  some- 
times the  whole  substance  may  entirely  consist  of 
minerals  of  this  description  ;  at  other  times  the  lode 
is  almost  wholly  composed  of  ore.  It,  however, 
seldom  happens  that  the  alteration  from  poverty  to 
riches  takes  place  abruptly  and  at  once,  for  the 
change  is  almost  always  effected  by  a  very  gradual 
increase  of  the  metallic  minerals;  and,  although 
the  manner  of  their  appearance  and  the  mode  of 
their  distribution  is  by  no  means  uniform,  yet  it  is 
generally  introduced  by  the  occurrence  of  small 
spots  and  lumps  of  ore  dispersed  through  the  other 

1  This  vesicular  structure  is  locally  called  sucked.  See  also  Mr.  W.  Phillips, 
Geo.  Trans.,  o.s,  ii.  p.  118. 

2  As  at  Relistian,  United  Mines,  &c, 

s  At  Dolcoath  a  vugh, "  from  eighteen  to  twenty  fathoms  in  length,  three  fathoms 
*'  high,  and  from  four  to  nine  feet  wide/'  occurred  in  the  main  lode.  Instead  of 
a  single  large  cavern,  it,  however,  consisted  of  an  infinity  of  small  ones,  open- 
ing into  each  other ;  or  perhaps  it  may  be  more  correctly  described  as  a  part 
of  the  lode  filled  with  vesicular  carbonate  of  iron.  See  Mr.  Rule,  Cornwall 
Geo.  Trans.,  i.  p.  225. 

At  the  Consolidated  Mines,  "  between  the  110  and  120  fathoms  level,  on  this 
"  (Taylor's^  lode,  a  little  west  of  Taylor's  shaft,  a  very  extensive  *  vough,*  or 
"  cavity  was  discovered ;  the  size  was  much  greater  than  is  commonly  observed, 
<<  being  nearly  forty  fathoms  in  length,  and  from  one  to  two  fathoms  high ;  the 
"  direction  was  nearly  horizontal,  the  lode  both  above  and  below  producing 
"  good  ore."    Mr.  Burr,  Mining  Review,  No.  vii,  (July,  1835),  p.  47. 

See  aiso  Mr.  De  la  Beche,  Report,  p.  324. 

4  Ante,  pp.  174-185-204. 
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ingredients.  When  the  lode  consists  either  entirely, 
or  for  the  most  part,  of  ore,  it  is  provincially  called 
a  course  qf  ore ;  and,  if  the  metallic  substances 
appear  in  short  and  unconnected  masses,  they  are 
designated  hunches  of  ore}  Whatever  may  be  the 
positions  and  dimensions  of  these  bodies  of  ore,  they 
are  usually  altogether  isolated  and  separated  from 
each  other  by  the  earthy  minerals  of  which  by  far 
the  largest  part  of  every  hde  consists. 

It  has  been  already  stated  that  longitudinal  joints 
prevail  in  those  parts  of  the  contents  of  lode^  which 
consist  of  earthy  minerals,  of  which  the  characters 
depend  on  those  of  the  contiguous  rocks,'  and  that 
horses  of  ground  are  often  contained  between  differ- 
ent portions  or  branches  of  the  same  lode.*^  Akin  to 
these  characters  are  the  irregular  and  unconnected 
masses  which,  sometimes  of  metallic  and  sometimes 
of  earthy  minerals,  are  imbedded  in  certain  parts  of 
some  lodes,  and  give  them  a  brecciated  strud;ure.^ 

1  Mr.  Burr,  Mining  Review,  No.  viu.  (May,  1836),  p.  218 :  Mr.  Dela  Beche, 
Report,  pp.  325-327. 

2  AntCy  p.  180.  s  Ibid,  p.  184.  «  Ibid,  p.  176. 

>''>  ^*  The  layer  of  felspathic  rock,  which  is  worked  for  tin  ore  near  the  Indian 
*^  Queens,  so  abounds  in  small  angular  portions  of  different  coloms  and  texture, 
<<  that  it  resembles  a  coarse  Ume-iuh  Jloor:  this  rock  appears  to  be  a  r^olar 
*'  elvait'course,  equivalent  to  the  beds  of  porphyry  which  are  associated  with 
"  the  Cornish  slates.  *  «  •  And  it  is  indeed  worthy  of  observation  that  the 
<<  contents  of  the  Cornish  veins  are  commonly  arranged  in  a  brecciated  manner 
*'  consisting  of  quartz  and  of  angular  pieces  of  the  adjacent  rock,  whilst  the 
''  conglomerated  structure  is  of  rare  occurrence." 

Dr.  BoasB)  Primary  Geology^  p.  116. 

**  Portions  of  the  surrounding  rocks  are  also  occasionally  imbedded  in  the 
<*  veinstone,  which  then  sometimes  assumes  a  conglomerate  chaxactBr." 

Mr.  Burr,  Mining  RevieWf  No.  viii.  (May,  1836),  p»  220. 

'*  Among  the  examples  of  brecciated  lodes  observed  daring  the  Survey  may 
^'  be  noticed — Fragments  of  slate  cemented  by  quartz  and  yellow  copper  ore 
''  from  the  principal  lode  at  Consols  mines,  Gwennap ;   angular  portions  of 


^ 
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In  this  form  wood-tin  occurs  at  the  Garth  Mine^ 
and  copper  pyrites  at  Trevaslms  and  in  almost  in- 
numerable other  localities.  The  earthy  minerals 
thus  enclosed  have  however  attracted  most  attention. 
These^  in  some  instances^  appear  like  short  vein- 
shaped  masses ;  in  others^  as  angular  lumps  irregu- 
larly distributed  through  the  lode.  Occasionally 
they  are  sharply-defined^  apparently  by  lines  of 
symmetrical  structure ;  whilst^  frequently,  they  seem 
to  be  connected  by  almost  imperceptible  transitions 
with  the  other  ingredients  of  the  lodes.  When  they 
consist  of  schistose  slaty  matter  their  planes  of  lami- 
nation often  coincide  with  those  of  the  containing 
rock,  but  this  is  not  always  the  case ;  if  they  are  of 
elvan,  or  granite,  the  resemblance  to  the  other  com- 
ponents of  the  lodes  is  so  close  that  their  relations 
ccmnot  be  well  ascertained.  Whatever  may  be  the 
nature  of  the  Country,  these  enclosed  masses  inva- 
riably resemble  the  contiguous  rock ;  as,  for  instance, 
at  Binner  Downs,  which  is  in  slate,  the  South  lode  is 
for  some  distance  almost  entirely  composed  of  thin 
alternating  plates  of  slate  and  quartz,  each  occasion- 
ally intersecting  the  other,  and  both  alike  frequently 
penetrated  by  short  irregular  and  unconnected  veins 
of  chlorite. 

In  general  these  included  portions  of  rock  are 
extremely  small,  and  only  in  this  respect  differ  from 

'*  slate  cemented  by  yellow  copper  ore  at  the  United  mines^  Gwennap ;  frag- 
''  ments  of  slates  united  by  yellow  copper  ore  and  quartz,  Wheal  Trenwith, 
'^  St.  Ives ;  fragments  of  slate  cemented  by  oxide  of  tin  and  yellow  copper  ore, 
"  Wheal  Fortune,  near  M arazion,''&c,,  &c,  Mr.  De  la  Beche,  Report^  p.  323. 
Mr.  R.  W,  Fox,  Report  Royal  Com.  Polytech.  Soc.  (1836),  pp.  87-108-124. 
1  Mr«  Came,  Cornwall  Geo.  Trans,  iv.  p.  99. 


212       W.  J.  Henwood,  on  the  Metalliferous 

the  horses.^  In  the  latter^  the  lades  and  branches  are 
but  small  when  compared  i/vith  the  horses  enclosed 
between  them^  as  at  Wheal  Reeth,  Dolcoath,  Coolies' 
kitchen,  Wheal  Music,  Carclaxe,  &c. ;  whilst,  in  the 
former,  the  included  parts  bear  no  proportion  to  the 
lodes  in  which  they  are  contained.  Between  them 
there  is,  however,  a  regular  gradation  in  size,  and 
the  only  distinction,  if  indeed  it  can  be  called  one, 
is  that  the  smaller  are  enclosed  in  one  vein,  whilst 
the  larger  are  included  between  two,  which  are  still, 
in  fact,  but  parts  of  the  same  lode. 

This  brecciated  structure  may  be  seen  in  granite 
at  Balieswidden,  The  Bunny,  and  Carclaxe  ;  in  ehan 
at  The  Wlierry,  Parhola,  Dolcoath,  Polgooth,  &c. ; 
and  in  slate  at  Rospeath,  Binner  Downs,  Dtfffield, 
and  Wheal  Towan,  and  indeed  in  localities  too  nu- 
merous to  be  mentioned :  and  in  some  the  whole 
Country,  for  considerable  distances,  seems  to  consist 
of  minute  metalliferous  veins  enclosing  small  pieces 
of  rock  between  them.* 

When  a  lode,  composed  of  soft  or  disintegrated 
substances,  comes  in  contact  with  a  very  hard  rock, 
for  example,  with  a  quartzose  slate,  as  at  Wheal 
Friendship,  ehan  at  Dolcoath  and  Polgooth,  or  fine 
grained  granite,  as  in  the  western  parts  of  Tincrqft 


1  Ante,  p.  176. 

2  '*  In  all  the  crystalline  granitoid  rocks  of  Cornwall  there  are  also  many 
''  masses  and  '  veins  </  segregatwn,'  Such  are  the  great  oontemporaneous 
*'  masses  and  veins  of  schorl  rock ;  and  some  of  these  are  metalliferoiiB.  The 
*'  decomposing  granite  of  St.  Austell  Moor  is  traversed,  and  sometimeB  entirely 
'^  superseded,  by  innumerable  veins  of  this  description."  Prop.  Sedgwick, 
Address  to  Geo.  Soc,  (1831),  Proceedings  of  Geo,  Soc.f  i.  p.  283;  PkU,  Mag, 
and  Annals  (1831),  ix,  p.  284, 
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Consols,  and  Wheal  Reeth,  it  is  often  split  into 
strings :  perhaps,  however,  it  may  be  said  with  more 
accuracy  that  the  whole  rock  assumes  a  veined 
structure.  And  further,  when  a  lode  becomes  very 
large  it  often  contains  horses  of  the  contiguous  rock ; 
and  this  seems  to  be  most  prevalent  when  iron  py- 
rites is  its  chief  ingredient,  though  it  sometimes 
takes  place  when  copper  pyrites  abounds. 

The  mixed,  compound,  and  complicated  composi- 
tion which  prevails  in  the  earthy  minerals  found  in 
hdesy  extends  to  their  metallic  contents  also. 

Thus,  tin  ore  is  found  mixed  with, and  interspersed 
through  the  following  metallic  minerals  in  the  most 
irregular  manner :  viz.,  native  copper  at  Boscaswell 
Downs;  copper  pyrites^  at  Saint  Ives  Consols, 
Wheal  Darlington,  Tincrqft,  Wheal  Friendship,  &c., 
and  in  the  state  of  a  double  sulphuret,  which  has 
been  called  tin  pyrites,  at  West  PewAr,and  Botallach; 
vitreous  copper  ore  in  Botallack,  Levant,  and  most 
of  the  mines  in  Saint  Just ;  earthy  black  copper  ore 
in  Wheal  Jewel;  blende  at  Ball-due,  and  Wheal 
Budnich,  and  in  the  last-mentioned  mine  with  vitre- 
ous copper  ore,  copper  pyrites,  and  galena,  also; 
with  native  bismuth  in  Botallach,  and  Levant ;  sul- 
phuret of  bismuth  in  Ballestoidden,  and  with  the 
carbonate  of  the  same  metal  at  Levant ;  with  crys- 


1  Mr.  Wm.  Phillips,  Geo.  Trans.,  o.s.  ii.  p.  127 :  Mr.  Came,  Comw,  Geo. 
Trans.,  ii.  pp.  94-1 04 :  Mr.  Burr,  Mining  Review,  No.  viii.  (May,  1836),  p.  223 : 
My  own  Paper,  Edin.  New  Phil.  Journal,  xxii.  p,  271 :  Mr.  R.  W,  Fox, 
Report  of  the  Royal  Cornwall  Polytech.  Soc.  (1836),  p.  85 :  Mr.  De  la  Beche, 
Report,  p.  327. 

2  Dr.  Boase,  Cornwall  Geo.  Trans.,  ii.  p.  384. 
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tallizcd  phosphate  of  iron  at  Wheal  Kind^  and  with 
the  same  metal,  in  an  earthy  state,  at  Park-nawetk 

Vitreous  copper  ore  has  been  found  mixed  with 
native  copper  at  Levant,  Providence  Mines,  Z%if 
Tang,  &c. ;  with  red  oxide  of  copper  at  Wheal  6or- 
land,  Penstmthal,  and  Wheal  Charlotte  ;  mixed  witii 
and  investing  copper  pyrites  at  Wheal  BuRer,  Cairn 
Brea  Mines,  Wheal  Jewel,  and,  more  or  less,  in  most 
of  the  mines  in  which  copper  ores  are  abundant  ;* 
with  the  blue  and  green  carbonates  of  copper  at 
Wlieal  BuUer,  Ting  Tang,  and  Gunnis  Lake ;  with 
crysocoUa  and  the  arseniates  of  copper  at  Tii^ 
Tang:  with  pitch-blende  at  Wheal  Edward,  and 
Wheal  Trenwith ;  and  with  uranite  at  Wheal  Ed- 
ward.  Wheal  Buller,  and  Carharrack. 

In  the  vughs,  which  are  numerous,  in  the  copper 
pyrites  at  Fowey  Consols,  crystals  of  the  sulphuret 
of  bismuth  are  plentiful ;  mineral  pitch  occurs  in 
similar  situations  at  North  Roshear,  East  Wheal 
Crofty,  South  Wheal  Towan,  East  Wheal  Damsel, 
and  Treskerhy  f  and  at  Wheal  Falmouth  the  crystal- 
lized phosphate  of  iron,  the  carbonate  and  phosphate 
of  lead,  and  buntkupfererz  were  found  under  the 
same  conditions. 

The  most  abundant  of  the  metallic  minerals 
aflforded  by  the  lodes,  are,  however,  iron  and  copper 
pyrites,^  and  these  are  found  in  various  forms,  and 
mixed  in  every  possible  proportion. 


1  Near  Saint  Agnes  Beacon.       s  Locally  called  cooled  ere. 

8  Mn  Came,  Coraw.  Geo.  Trans.,  ii.  p.  104. 

^  Mr.  R.  W.  Fox,  Report  of  tbe  Royal  Comw.  Polytech.  Soc  (18t6),p.  86. 
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The  usual  accompaniments^  both  of  tin  ore  and  of 
copper  pyrites,  seem  to  be  the  metallic  sulphurets ; 
the  oxides,  and  salts  of  the  various  metals  seldom 
occur  in  their  immediate  vicinities. 

The  task  would  be  endless  to  enumerate  the 
minerals  afforded  by  the  lodes,  and  the  localities 
from  which  they  have  been  obtained ;  I  have,  there- 
fore, attempted  to  reduce  the  order  of  position  to  a 
tabular  form  (Table  C).  The  first  column  denotes 
the  Country,  the  second  the  substance  next  the  side 
or  wall  of  the  lode,  the  next  that  which  is  attached 
to  it,  and  so  on ;  and  I  have  distinguished  the  crys- 
tallized minerals  by  an  Italic  letter,  and  the  massive 
ones  by  a  Roman.  The  localities  are  pointed  out 
by  foot-notes. 

As  the  present  Table  is  a  first  attempt,  I  doubt 
not  it  will  be  found  susceptible  of  many  improve- 
ments. I  shall  abstain  from  drawing  inferences  of 
my  own,  though  many  are  obvious  enough. 

With  the  exception  of  Herland,  already  noticed,^ 
the  hdes,  in  almost  every  district,  are  productive  on 
similar  lines  taken  at  right  angles  to  their  bearings  f 
hence  the  proverbial  phrase  of  "  ore  against  ore.*'^ 
But  as  the  directions  of  the  hdes  vary  in  different 
districts,  the  directions  of  these  productive  lines  are 
not  always  the  same.  At  Wheal  Edward,  Botallach, 
Wheal  Cock,  and  Levant,  the  hdes  are  nearly  N.  and 
S.,  and  the  bearing  of  this  line  is  not  far  from  £.  and 
W. ;  in  Saint  Ives  Consols,  Balnoon,  Wheal  Reeth, 

1  Antty  p.  41.      2  Ibid,  p.  87.*     3  Mr.  Came,  Corn.  Geo.  TrAiis.,  iu.  p.  78. 
VOL.  V.  H  H 
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and  IVheal  Mary,  it  is  nearly  N.  and  S.,  and  as  the 
general  direction  of  the  lodes  in  this  and  in  the  other 
districts  is  not  far  from  the  magnetic  E.  and  W. 
(25^  S.  of  W.),  the  productive  lines  in  various  places 
lie  nearly  on  the  magnetic  meridian.  Thus,  in  the 
Gwinear  and  Helston  districts,  Wfteal  Providence , 
Binner  Downs,  Wheal  Strawberry ,  Godolphin,  and 
Wheal  Vor  are  nearly  on  the  same  line;  in  the 
Camborne  district.  North  and  South  Roshear  and 
Dolcoath  are  similarly  situated,  and  East  Wheal 
Crqfty,  Cooks-kitchen,  and  Tmcroft  are  much  the 
same ;  in  the  Gwennap  tract,  Whecd  Tolgus,  Wheal 
BuUer,  and  Penstruthal  exhibit  like  relations,  and 
North  Doums,  Treskerby,  Wheal  Chance,  and  Chace- 
water  Mine  stand  in  a  similar  position  with  regard 
to  Wheal  Unity  Wood,  Wheal  Unity,  Poldice,  and 
Wheal  Gorland,  and  these  again  in  respect  of  The 
Consolidated  Mines,  Wheal  Jewel,  and  Wheal  Dam- 
sel, and,  on  the  south  of  these.  The  United  Mines, 
WJieal  Squire,  and  Ting  Tang  are  on  the  same 
meridian.  A  similar  arrangement  of  the  ores,  in 
the  lodes  of  Wheal  Towan,  South  Towan,  United 
Hills,  Wheal  Charles,  Wheal  Music,  and  Wheal 
Basset,  in  the  Saint  Agnes  district ;  and  between 
those  in  Crinnis,  Pembroke,  and  East  Crennis,  in  the 
Saint  Austell  tract,  seems  to  prevail 

In  the  other  districts  the  mining  operations  are  so 
scattered,  that  it  is  not  easy  to  discover  whether 
this  relation  subsists  or  not. 

In  speaking  of  the  Redruth  and  Gwennap  district 
it  has  been  already  remarked  that  there  is  a  gradual 
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increase  in  the  depth  of  the  workings  as  we  proceed 
from  N.  to  S,  ;^  this  observation  is  also,  in  a  great 
measure,  applicable  to  lines  drawn  in  the  same  direc- 
tion in  other  places.  Thus,  on  a  line  from  Saint 
Ives  Consols,  through  Balnoon  KaA  Wheal  Reeth, 
there  is  an  increase  of  depth  towards  the  south; 
from  Herland,  through  Wheal  Providence,  Dinner 
Downs,  Wheal  Strawberry,  Godolphin,  and  Pollcuiras 
Downs,  to  Wheal  Vor,  the  same  takes  place ;  from 
North  Hoskear,  through  South  Roskear,  to  Dolcoath, 
is  another  such  line ;  from  East  Wheal  Crofty,  to 
CooH s-Mtchen  and  Tincrqft,  another ;  from  Wheal 
Towan,  through  South  Towan,  United  Hills,  Wheal 
Charles,  Cardrew  Dotvns,  North  Downs,  Tresherhy, 
Wheal  Chance,  Chucewaier  Mine,  and  through  the 
parallel  lodes  of  Poldice,  Wheal  Unity,  Wheal  Unity 
Wood,  and  Wheal  Gorland,  to  The  Consolidated  and 
United  Mines,  East  Wheal  Damsel,  Wheal  Jewel, 
Wheal  Squire,  and  Ting  Tang,  and  as  far  southward 
as  Tresavean,  there  is  another  similar  line,  on  which 
the  mines  are  worked  to  much  greater  depths  on  the 
south  than  on  the  north. 

This  seems  not  to  depend  on  the  presence  of  any 
particular  rock,  or  any  dip  of  the  beds,  or  on  the 
cleavage-planes  of  the  slate ;  for  the  Herland  and 
Wheal  Vor  section  cuts  through  granite,  slate,  and 
elvan-courses,  and  the  direction  in  which  the  mines 
increase  in  depth  is  rather  opposed  to  the  general 
underlie  of  the  laminae  of  the  slate.    The  inclination 

1  Ante,  p.  87.* 
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of  the  North  Roskear  and  Dolcoath  line  is  similarly 
opposed  to  the  dip  of  the  slaty  cleavage^  and  to  the 
position  of  the  granite  mass ;  the  line  which  extends 
from  Wheal  Towan  to  Tresavean  also  cuts  granite^ 
elvan,  and  slates  of  which  the  cleavages  have  almost 
opposite  dips,  and  yet  the  same  observation  is  equally 
applicable. 

I  do  not,  however,  intend  to  say  that  the  ores 
would  be  found  deeper  at  one  than  at  the  other  ex- 
tremity of  either  of  those  lines,  if  they  could  be 
wholly  uncovered ;  but  merely  to  state  the  fact  that 
they  have  been  followed  and  profitably  worked  to 
greater  depths  on  the  south  than  they  have  been  on 
the  north. 

I  have  already  alluded  to  the  positions  of  the 
bunches  or  shoots  of  ore  in  the  lodes,  and  which 
everywhere  dip  towards  the  principal  body  of  the 
slate.^ 

In  the  same  productive  lines  some  of  the  lodes 
yield  the  ores  of  tin,  others  those  of  copper,  whilst 
many  of  them  contain  both:  thus,  the  lodes  of 
Herland,  Wheal  Providence,  and  Binner  JDoums, 
afford  copper  ores  only ;  whilst,  on  the  same  line, 
PoUadras  Downs  and  Wheal  Vor  have  produced 
tin  ores  alone,  and  both  tin  and  copper  ores  occur  in 
Godolphin.  North  and  South  Roshear  yield  copper 
ores ;  whilst  both  tin  and  copper  occur  at  Dolcoath : 
East  Wheal  Crqfty  yields  no  tin  ore ;  but,  on  the 
same  line,  CooVs-Mtchen  and  Tincrqft  afford  it  in 
abundance.    At  Wheal  Unity  Wood,  Poldice,  some 

1  Ante,  p.  194. 
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parts  of  North  Dotvns,  Wheal  Jewel,  and  The 
Gmsmlidated  and  United  Mines  tin  ores  are  found 
mixed  with  those  of  copper ;  but,  in  the  other  mines 
on  the  same  productive  meridian,  copper  ores  alone 
occur. 

Thus,  on  the  same  lines,  different  lodes  are  prolific 
of  various  ores. 

4.  On  the  phenomena  which  affect  the  metallic 
"portions  of  lodes. — In  different  districts  the  miners 
are  accustomed  to  form  different  expectations  from 
the  presence  of  certain  characters,  and  those  which 
in  one  are  thought  very  favourable,  in  another  are 
considered  most  unpromising.  In  general,  however, 
this  difference  is  confined  to  minor  shades  easily  re- 
cognized by  the  eye,  though  to  describe  them  will, 
I  fear,  prove  a  difficult  task,  especially  as  the  present 
is  the  first  attempt  which  has  been  made  to  collect 
the  conclusions  to  be  dr^-rSTrom  experience. 

It  has  been  remarked  by  every  writer^  that  almost 
the  whole  mineral  wedMs^f  this,  our  most  valuable. 
County,  occurs  within  a  distance  of  two  or  three 
miles  on  each  side  of  the  line  ^f  junction  of  the 
slate  and  granite.  This  is  unquestionably  true ;  yet 
no  part  of  the  line  itself  seems  to  have  been  more 
productive  than  any  other  spot  of  equal  extent 


1  M.  Jars,  Voyages  M^tallargiques  (1765),  iii.  p.  191 :  Dr.  Berger,  Geo, 
Trans.,  o.s.  i.  p.  165 :  Mr.  William  Phillips,  Geo.  Trans.,  o.s.  ii.  p.  132 : 
Mr,  Came,  Corn,  Geo,  Trans.,  ii.  p.  lOS ;  Mr.  Barr,  Mining  Reyiew,  No.  viii. 
p.  244,  X.  p.  181 :  Prof,  Phillips,  Ency.  Metrop.,  Geology,  p.  777 ;  Ency,  Brit 
(re-publication),  p.  275 ;  Lardner's  Cab.  Cyclo.  No.  cxi.  p.  125 :  Prof.  Sedg- 
wick, Address  to  the  Geo.  Soc.  (1831),  Proceedings  of  the  Geo.  Soc.  i,  p.  28S : 
Mr.  R.  W.  Fox,  Report  of  the  Royal  Cornwall  Polytech.  Soc,  (1836),  p.  82 : 
Mr.  De  la  Beche,  Theoretical  Geology,  p.  219;  Report,  p.  327. 


220       W.  J.  Henwood,  on  the  MetaUfferous 

within  the  distance  already  mentioned :  and^  though 
the  lodes  not  uncommonly  run  for  several  fathoms 
with  granite  on  one  side  and  slate  on  the  other^  or 
with  either  of  these  rocks  forming  one  wall,  and 
elvan  the  opposite  one,  yet  the  portions  so  contained 
between  dissimilar  rocks  are  not  generally  the  richest. 
Examples  of  this  occur  at  Little  Bounds,  Providence 
Mines,  Wheal  Vor,  Wheal  Trannack,  Dolcoath, 
Cooks-kitchen,  Tincrqft,  Wheal  BuUer,  Tresavean, 
Herland,  Ting  Tang,  The  Consolidated  Mines,  &c. 

But  the  metallic  contents  of  the  lodes  are  affected, 
not  only  by  the  mineral  composition  of  the  contigu- 
ous rocks,  but  by  their  mechanical  structure  and 
positions  also. 

(a.)  Mineral  composition  of  the  rocks. — Whether 
the  rocks  be  granite,  slate,  or  ehan,  their  hardest 
portions  are  always  quartzose,  and  in  these  the  lodes 
are  seldom  rich  ;^  this  may  be,  either  because  a  hard 
rock  is  unsuited  to  the  presence  of  metallic  mtinerals, 
or  because  the  lodes,  when  traversing  this  quartzy 
rock,  partake  of  its  nature,  and  thus  afford  no  place 
for  the  reception  of  other  substances  of  greater 
value.  But,  whatever  may  be  the  cause,  the  fact  at 
least  is  well  ascertained. 

In  granite,  a  fine  grained  rock  (whetstone)  is 
always  an  unfavourable  indication,  as  in  the  western 
parts  of  Wheal  Reeth,  Tincrqft  Consols,  and  Wheal 
Mary ;  and  if  that  which  is  of  a  coarser  texture, 
contain  large,  white,  and  sharply-defined  crystals  of 
felspar,  it  is  equally  so. 

1  Mr.  Burr,  Mining  Review,  No.  x.  p.  184 :  Mr,  De  la  Beche,  Report,  p.  36S. 
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On  the  other  hand^  if  the  rock  be  neither  very 
fine  nor  particularly  coarse  grained^  the  imbedded 
crystals  of  felspar  of  a  greenish^  pink^  or  brown  hue, 
and  their  bounding-planes  rather  indeterminate,  or 
passing  gradually  into  the  basis  of  the  rock^  and  if, 
further,  that  basis  consist  of  greenish  felspar  beside 
the  other  usual  ingredients,  viz.  quartz,  mica,  and 
sometimes  schorl,  the  character  of  the  rock  is  consi- 
dered a  very  favourable  one ;  and  from  the  lodes  in 
it  there  are  fair  expectations,  especially  of  obtaining 
tin  ore. 

In  elvan,  the  hard  fine  grained  quartzose  varieties, 
which  also  generally  contain  some  schorl,  often  dif« 
fused  as  a  colouring  matter  and  sometimes  in  groups 
of  radiating  crystals,  are  considered  uncongenial ; 
as  the  lodes  are  frequently  split  into  innumerable 
irregular  and  small  veins,  whilst  they  traverse  that 
kind  of  elvan,  but  which  re-unite  when  they  approach 
softer  and  more  felspathic  varieties  of  the  same  rock, 
as  at  Dolcoath  and  Polgooth. 

The  varieties  of  elvan  usually  most  favourable  to 
riches  in  the  lodes  differ  slightly  as  regards  tin  and 
copper  ores.  In  the  former  they  are  sometimes 
tolerably  productive,  even  when  split  into  strings,  in 
glassy  quartzose  elvan ;  whilst,  in  the  latter,  unless 
the  rock  be  soft  and  somewhat  inclined  to  decompo- 
sition, the  lodes  split,  dwindle,  and  become  unpro- 
ductive. 

The  slate  in  the  neighbourhood  of  the  Saint  Just 
and  Saint  Ives  copper  mines  is  a  greenstone  slate,^ 

1  Dr.  Forbes,  Comw.  Geo.  Trans.,  ii.  p,  257 :  Mr.  Carne,  Ibid,  p.  318. 
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in  general  tolerably  fine  grained  and  lamellar;  a 
massive  rock^  of  somewhat  similar  composition^  oc- 
curs in  some  parts  of  DoUoath  and  Cook's-Jntchen, 
and  in  East  Wheal  Crafty^  and  North  Roskear. 
In  all  these  spots  both  tin  and  copper  ore  occur, 
excepting  the  two  last,  which  yield  copper  ore  only. 
The  axinite,  actynolite,  and  garnet  rocks,  which  are 
associated  with  the  greenstones,  do  not  seem  favour- 
able to  the  presence  of  metallic  substances  in  the 
lodes  which  traverse  them.  At  Wheal  JVannack, 
Dolcoath,  Cool^s-iitchen,  Cairn  JBrea  Mines,  and, 
in  general,  around  the  skirts  of  the  granite  of  Cairn 
Brea  and  Cairn  Marth  (except  on  the  eastern  side  of 
the  latter),  a  thickly  lamellar  brownish-purple  slate 
rock^  is  traversed  by  the  lodes  ;  all  of  which  contain 
copper,  and  most  of  them  tin  ores  also. 

A  clay  slate,  of  a  very  pale  grejrish  hue,  passing 
into  a  dull  white,  and  here  and  there  marked  between 
the  laminse  with  a  few  bluish  spots,  which,  in  short, 
is  not  altogether  unlike  a  thick-bedded  porphyry 
with  internal  traces  of  a  lamellar  structure,  but  in  a 
state  of  decomposition,  accompanies  the  richer  por- 
tions of  the  copper  lodes  at  Ting  Tang,  Wheal 
Virgin  (Consolidated  Mines),  Wheal  Jewel,  Wheal 
Unity,  and  by  far  the  greater  portion  of  the  Gwennap 
district;  at  Wheal  Music,  Wheal  Basset,  Wheal 
Charles,  the  western  part  of  Wheal  Towan,  Great 
Saint  George,  Wheal  Leisure,  and  the  greater  part 

1  I  have  foand  a  massive  rock,  composed  of  hornblende  and  felspar,  on  the 
north  of  this  mine,  traversed  by  namerons  small  veins  of  calcareous  spar. 

3  Prof.  Sedgn^ck,  Camb.  Phil.  Trans.,  L  p.  133 :  Dr.  Boase,  Comw.  Geo. 
Trans.,  iv.  p.  312 ;  Primary  Geology,  p.  39. 
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of  the  neighbourhood  of  Saint  Agnes ;  at  Pembroke, 
and  some  of  the  Saint  Austell  tract ;  and  in  Med- 
moor,  and  some  portions  of  the  Caliington  district. 
In  all  these  tin  ore  is  very  scarce^  although  found 
in  small  quantities  in  the  shallower  parts  of  some 
of  them.  Notwithstanding,  copper  ores  have  been 
plentiful  in  the  same  lodes  after  they  quit  this  pale- 
tinted  slate  and  enter  that  of  a  deep  blue  colour, 
which  is  also  generally  quartzose;^  as  at  Wheal 
Fortune  (Consolidated  Mines),  and  Ale  and  Cakes 
( United  Mines) :  yet,  in  the  far  greater  number  of 
instances,  the  riches  either  dwindle  or  suddenly  dis- 
appear with  this  change  of  Country ;  as  at  Wheal 
Virgin  (Consolidated  Mines),  and  in  the  deeper 
parts  of  Great  Saint  George,  Wheal  Leisure,  and 
Wheal  Towan.  In  some  parts  of  Gwennap  a  red- 
dish slate  is  considered  equally  unfavourable  to  the 
produce  of  the  lodes  by  which  it  is  intersected.^ 

At  The  Marazion  Mines,  Wheal  Darlington, 
Great  Wheal  Fortune,  and  other  parts  of  the  Mara- 
zion district ;  at  S.erland,  Dinner  Downs,  Godolphin, 
and  most  of  the  neighbourhood  of  Gwinear  and 
Crowan ;  in  the  eastern  parts  of  The  Consolidated 
and  United  Mines;  in  the  eastern  part  of  Wheal 
Towan,  at  South  Wheal  Towan,  Wheal  Prudence, 
and  some  other  portions  of  the  Saint  Agnes  tract ; 
in  East  Crennis,  Fowey  Consols,  and  the  vicinity  of 
Saint  Austell ;  and  at  Wheal  Franco,  Wheal  Friend- 
ship, and,  in  general,  through  the  Tavistock  district, 

1  Mr.  Came,  Cornwall  Geo.  Trans.,  iii.  p.  81 :  Mr.  Burr,  Mining  Review, 
No.  X.  (1837),  p.  185 :  Mr.  De  la  Beche,  Report,  p.  337. 
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copper  ores,  chiefly  pjrrites,  are  found  in  a  deep  blue 
clay  slate,  homogeneous  in  texture,  of  a  glossy  and 
silky  lustre,  having  a  very  even  lamination,  and 
opening  in  thick  horizontal  joints  which  coincide 
with  the  cleavage-planes.  In  this  rock  the  lodes 
seldom  contain  tin  ore.  If  the  slate  assume  a  deeper 
hue,  the  copper  ores  which  the  lodes  may  have  pre- 
viously yielded  are  replaced  by  iron  pjrrites  ;^  and,  if 
the  rock  become  quartzose,  even  the  iron  pyrites 
disappears. 

The  slate  in  the  vicinity  of  Wheal  Vor,  CooJ^s-kit- 
chen,  Tincrqft,  PokUce,  Polberrow,  Polgooth,  Drake 
Walls,  and  indeed  wherever  tin  ore  abounds,  is  of  a 
tolerably  uniform  character,  namely  thick-bedded 
deep  blue,  which  here  and  there  has  a  somewhat 
greenish  tinge,  and  rather  a  greasiness  or  gloss  on 
the  surface  of  the  cleavage-planes,  as  if  it  had  been 
wetted :  at  other  times  there  is  a  little  difference  in 
the  colour  of  the  laminae,  and  something  of  a  quartz- 
ose aspect  in  many  parts. 

A  diminution  in  the  depth  of  the  colouring,  and  a 
softening  in  the  texture  of  the  rock,  is  mostly  an 
unfavourable  omen. 

The  few  lodes  which  afford  lead  ore  occur  in  the 
blue  and  greyish  varieties  of  the  slates,  and  generally 
at  great  distances  from  the  granite. 

(J.)  The  mechanical  structure  of  the  rochs. — 
Whether  the  rock  be  granite,  slate,  or  elvan,  when 
the  joints  which  are  parallel  to  the  lodes  in  their 

1  Mr.  Came,  Cornwall  Geo.  Trans.,  iii.  p.  82. 
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directions  fall  towards  the  lodes  in  descending^  it  is 
considered  a  favourable  indication ;  whilst^  if  similar 
joints  separate  from  them  as  they  go  downward^  it  is 
considered  an  index  of  poverty.  In  all  these  cases, 
many  transverse  joints  seem  to  exercise  an  unfa- 
vourable influence  on  the  produce  of  the  lodes  ;  and 
often  a  vein  (course)  of  ore  is  directly  and  immedi- 
ately cut  off  by  a  joint  running  across  the  lode. 

Both  in  granite,  and  elvan,  a  well-defined  porphy- 
ritic  structure  is  a  most  unpromising  character; 
whilst  a  gradual  blending  of  the  included  crystals 
with  the  basis  of  the  rock,  is,  in  both  cases,  consi- 
dered an  encouraging  appearance. 

The  cleavage-planes  of  the  schistose  slates  are 
almost  invariably  curved  and  contorted  whetiever 
the  rock  is  quartzose,  and  in  such  cases  it  is  usually 
very  fissile,^  and  the  laminae  are  highly  inclined : 
either  of  these  conditions  is  accounted  inauspicious. 
On  the  other  hand,  when  the  cleavage-planes  are 
regular,  and  moderately  inclined,  and  when  the  rock 
exhibits  a  thickly  lamellar  structure,  the  lodes  which 
traverse  it  may  be  expected  to  be  productive.  The 
fissile  slates  are  also  frequently  very  hard ;  whilst  the 
thick-bedded  varieties  are  generally  much  softer.* 

Yet  all  these  appearances,  whether  kindljf  or  un- 
favourable, are  but  local,  and  are  often  confined 
within  very  narrow  limits,  and  in  the  same  rock 

1  Mr.  Came,  Cornwall  Geo.  Trans.,  iii.  p.  82. 

3  Mr.  Burr,  MiniQg  Review,  No.  x.  (1837),  p.  185 :  Mr.  De  la  Beche, 
Report,  p,  336. 

9  The  terms  kindly  and  unkindly  are  locally  ased  to  denote  favoarable  and 
unfavourable  appearances  in  the  lodes. 

Il2 


226       W.  J.  Henwood^  an  the  Metalliferous 

there  is  frequently  an  alteration  in  the  lodes  as  soon 
as  the  characters  of  the  rock  are  changed. 

(c.)  Mineral  composition  of  the  lodes. — I  have  be- 
fore noticed  the  occurrence  of  earthy  brown  iron 
ore  (gossan)  in  the  superficial  portions  of  lodes ^  and 
that  they  generally  contain  tin  ore:  their  appear- 
ance, however,  depends  on  the  ore  with  which  they 
abound.  The  copper  gossans  are  generally  softer, 
paler,  less  quartzose,  or  rather  perhaps  the  quartz  in 
them  is  oftener  friable,  and  they  are  more  vesicular 
than  the  tin  gossans  are.  But  sometimes  there  is  no 
gossan  near  the  surface,  and  the  shallower  portions 
of  the  lodes  are  then  frequently  mere  quartzose 
varieties  of  the  contiguous  rock ; — schorlaceous  if 
tin  ore  abounds,  and  containing  spots  of  iron  and 
copper  pyrites,  and  of  earthy  black  copper  ore,  if 
they  are  chiefly  productive  of  copper  ores.  A  very 
soft,  or  very  hard  gossan,  is  equally  thought  less 
favourable,  than  if  its  consistency  be  moderately 
firm,  and  a  very  dark  colour  is  also  a  discouraging 
symptom. 

In  granite,  the  lodes  which  are  chiefly  productive 
of  tin  ore,  are  for  the  most  part  composed  of  a  pale 
greenish  felspar  of  a  confusedly  crystalline  structure, 
but  seldom  containing  distinct  crystals,  with  radi- 
ating groups  of  schorl,  and  some  quartz.  Through 
this  compound  substance  the  tin  ore  is  interspersed 
in  the  form  of  crystalline  granules,  which  are  seldom 
as  large  as  a  pea;  more  commonly  it  is  almost 
impalpable,  or  small  as  sand ; — ^but  still  generally 

1  Ante^  p.  204. 
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crystallized.  In  a  few  cases^  as  at  Oreat  Work  and 
Trevidgia,  the  lode  is  very  quartzose^  and  then  the 
particles  of  tin  ore  are  usually  larger.  Now  and 
then  there  are  small  veins  of  tin  ore  almost  pure^  or 
but  slightly  sprinkled  with  quartz^  schorl,  and  fel- 
spar,  but  this  happens  more  frequently  when  these 
minute  veins  only  traverse  the  rock,  without  any 
other  vein-stone  or  matrix,  as  at  Balleswidden,  Car- 
claze,  &c. 

Occasionally  the  lodes  consist  almost  wholly  of 
quartz,  with  now  and  then  some  schorl  diffused 
through  it  as  a  colouring  matter ;  in  such  cases  they 
are  seldom  rich  in  ore  of  any  kind. 

The  lodes  which  yield  copper  ore  in  granite  almost 
always  contain  gossan  near  the  surface ;  and,  as  al- 
ready noticed,^  it  usually  continues  to  somewhat 
greater  depths  than  it  does  in  slate ;  as  at  Tresavean^ 
Ting  Tang,  &c.  Their  quartz  is  not  always  so  soft 
(sugary)  or  so  minutely  divided  as  in  slate,  but 
opens  in  small  irregular  masses  which  yield  to  a 
small  pressure :  a  coating  of  earthy  brown  iron 
ore  appears  to  pervade  the  small  and  innumerable 
cavities  which  penetrate  this  slightly  coherent  mass. 
Large  quantities  of  decomposed  felspar  abound,  and 
the  whole  is  often  smeared  with  a  thin  and  almost 
impalpable  coating  of  earthy  black  copper  ore :  the 
proportion  of  this  last-mentioned  substance  often 
increases  in  depth,  and  passes  into  vitreous  copper 
ore,  as  at  Levant ;  and  sometimes  into  copper  py- 
rites, as  at  Tresavean. 

1  Ante^  p.  206. 
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When  the  lades  are  very  granitic^  or  when  they 
contain  much  of  the  schorlaceous  quartz,  already 
mentioned,  they  are  seldom  productive :  indeed  cop- 
per ores  are  rarely  found  imbedded  in  schorl. 

In  slate,  the  composition  of  the  tin  lodes  is  gene- 
rally of  a  very  hard  quartzose  slate  (capel)  /  some- 
times thoroughly  mixed  with  schorl,  occasionally 
with  felspar,  and  frequently  with  chlorite.  The  tin 
ore  is  interspersed  amongst  the  earthy  materials  even 
more  minutely  than  it  is  in  the  granite,  and  it  is  al- 
most invariably  mixed  with  a  much  larger  proportion 
of  impurities  which  injure  the  quality  of  the  metal 
produced  from  it.  Wolfram,*  with  earthy  red  and 
jaspery  iron  ores,  are  often  associated  with  tin  ore, 
as  at  Poldice,  Kit  Hill,  &c.  The  most  character- 
istic mineral  is,  however,  a  variety  of  schorl  rock, 
consisting  of  alternating  layers  of  schorl  and  felspar, 
and  both  of  these  mixed  with  quartz:'  the  laminae 
are  almost  always  much  curved,  as  at  Poldary, 
Wheal  Vor,  &c.,  and  sometimes  the  layers  of  schorl 
are  replaced  by  tin  ore,  as  at  Fat-worh  Mine,  near 
Indian  Queens/  This  substance  usually  forms  a 
kind  of  transition  between  the  lode  and  the  Country. 

The  lodes  which  yield  copper  ores  in  slate  have 
been  already  said  to  contain  large  quantities  of  earthy 
brown  iron  ore  (gossan)  of  a  pale  hue,  soft,  and 
drusy.    In  them  also  tin  ore  frequently  occurs  in 

s  Caply  or  Scovan  lodes  more  frequently  yield  tin  than  copper  ores. 

1  Proyincially  called  Col  or  CoXUm,    Tungstate  of  lime  is  mixed  with  tin 
ore  at  Wheal  Friendship, 

8  Ante,  p.  152.        4  pr.  Boase^  Comw.  Geo.  Trans.,  ir.  p.  258. 
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small  quantities^  and  blende  is  very  plentiful^  but 
iron  pyrites  is  almost  constantly  present.  Their 
earthy  minerals  are  mostly  quartz,  which  in  the  most 
favourable  situations  is  generally  friable  (sugary 
spar)}  sometimes  mixed  with  small  quantities  of  de- 
composed felspar  (prian)^  Near  the  surface  these 
are  spotted  with  earthy  black  copper  ore,  and  lower 
down  this  is  succeeded  by  vitreous  copper  ore,  and 
at  length  by  copper  pyrites :  fluor  is  occasionally 
mixed  with  them,  as  at  Wheal  Gorland,  Wheal 
Unity  Wood,  Wheal  Devonshire,  &c.;  and  now  and 
then  chlorite  occurs,  as  at  Wheal  Kayle,  Dinner 
Doums,  &c. 

In  many  places,  and  more  especially  in  the  slaty 
rocks  in  the  neighbourhood  of  the  fossiliferous  beds, 
as  at  East  Crennis,  Fowey  Consols,  Trevorgus,  near 
Padstow,  and  Treburget,  near  Camelford,  the  lodes, 
when  large,  consist  almost  wholly  of  a  very  white 
crystalline  quartz,  abounding  in  drusy  cavities 
(vughs)  lined  with  crystals  of  the  same,  and  en- 
close innumerable  disjoined  pieces  of  slate.  These 
masses  of  slate  are  in  general  very  sharply  defined, 
present  but  few  traces  of  transition  into  the  quartz, 
and  are  commonly  very  uniform  in  their  positions  : 
frequently,  however,  they  have  a  sort  of  flinty  cha- 
racter which  obscures  any  traces  of  cleavage.  The 
cavities  lined  with  crystals,  and  the  included  spots 


1  Mr.  Pryce,  Mineral.  Cornub.,  p.  92 :  Mr.  Wm.  Phillips,  Geo,  Trans.,  o.s. 
li.  p.  118 :  Mr,  Came.  Cornwall  Geo,  Trans.,  ii.  p.  101 :  Mr,  R.  W.  Fox, 
Report  of  Royal  Cornwall  Polytech,  Soc.  (1836),  p.  86, 

2  Prum  now  denotes  felspar  clay ;  but  in  Mr.  Pryce's  time  it  appears  to  hare 
denoted  a  friable  nature,  whatever  might  have  been  the  mineral. 
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of  slate,  are  most  unequivocal  signs  of  poverty, 
wherever  they  may  occur.  There  are  also  certain 
minerals  which  are  seldom  found  in  the  richer  parts 
of  lodes:  in  those  which  yield  copper  ore,  chlorite^ 
is  one  of  the  most  conspicuous.  The  occurrence  of 
tin  ore  in  the  deeper  parts  of  lodes  which  have  pre- 
viously produced  copper  ore  only,  is  accounted  a 
very  unfavourable  indication.^ 

There  is  a  remarkable  difference  between  the  cha- 
racter of  the  crystallized  quartz  in  the  vicinity  of 
the  fossiliferous  rocks,  and  that  which  it  bears  in  the 
mining  districts  nearer  to  the  granite :  in  the  former, 
the  vughs  are  very  numerous  and  usually  small,  and 
the  quartz  crystals  with  which  they  are  incrusted 
are  almost  microscopic  and  of  a  snowy  whiteness ; 
whilst,  in  the  latter,  the  cavities  though  generally 
larger  are  far  less  frequent,  and  the  crystals  are  of 
greater  size,  and  have  in  many  cases  a  considerable 
degree  of  transparency. 

(d,)  Structure  of  the  lodes. — A  lode  which  abounds 
in  drusy  cavities,  allowing  the  water  to  pass  through 
them  draining  the  mine  for  considerable  distances, 
and  more  particularly  when  the  water  so  escaping  is 
very  warm,^  is  thought  well  of  ;^  and  it  is  also  consi- 
dered a  favourable  symptom  if  the  lode  be  soft. 


1  Proyincially  called  peach.    See  Mr.  Carne,  Cornw.  Geo.  Trans.,  ii.  p«  101 : 
Mr.  R.  W.  Fox,  Report  of  Royal  Cornw.  Polytech.  Soc.  (1836),  p.  B7, 

2  Mr.  R.  W.  Fox,  Report  of  Royal  Cornwall  Polytech,  Soc.  (1836),  p.  86. 

8  Mr.  Pryce,  Mineral.  Cornub.,  p.  12 :  Mr.  Wm,  Phillips,  Geo.  Trans.,  o.s. 
ii.  p.  121 :  Mr.  R.  W.  Fox,  Report  Royal  Com.  Polytech.  Soc.  (1836),  p.  107. 

^  I  have  neyer  been  able  to  prove  this  by  experiment    Some  of  the  wmnnest 
streams  I  have  examined  have  been  from  very  anprodactive  lod€$. 
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But^  if  the  lode  be  soft,  whilst  the  contiguous  rock 
is  hard,  little  must  be  expected ;  for  in  such  cases 
the  hde  usually  dwindles  to  a  mere  line,  or  splits 
into  several  small  strings:  and,  generally,  a  hard  lode, 
whether  it  be  in  a  soft  rock,  or  indeed  in  any  other, 
is  seldom  productive.  On  the  other  hand,  where 
both  are  very  soft,  the  lodes  are  for  the  most  part 
large,  and,  under  such  circumstances  as  I  have  al- 
ready pointed  out,^  they  almost  always  split  into 
strings,  which  commonly  consist  of  iron  pyrites,  and 
frequently  die  away  in  the  Country:  or  become 
quartzose,  and  form  integral  members  of  the  slate 
series  (Country  branches)? 

It  is  a  remarkable  fact  that  in  every  lode,  whether 
it  yields  tin,  copper,  or  lead  ores,  the  portions  which 
are  the  most  perpendicular  are  always  the  most  pro* 
ductive.*  This  perpendicularity  invariably  takes 
place  by  an  alteration  in  the  inclination  of  the  lower 
ox  foot  wall  of  the  lode,  which  becomes  more  vertical 
(bellying  out)  ;  whilst  the  opposite,  or  hanging  wall, 
may  continue  on  the  line  of  its  original  dip :  this 
change  consequently  produces,  at  one  and  the  same 
time,  a  more  perpendicular  appearance,  and  an  en- 
largement of  size  in  the  lode. 

A  crooked  course  is  considered  very  unfavourable ; 
and,  indeed,  the  majority  of  lodes  which  are  much 

1  Ante^  p.  224.  s  Ibid,  p.  118. 

8  This  important  general  law  was  first  announced  by  Mr.  Thomas,  who  says 
"  it  is  generally  observed  in  the  variations  of  the  underlay  or  dip,  that  those 
*^  parts  are  richest  which  are  nearest  to  perpendicular.'^    Report,  p.  20. 

My  own  Paper,  Edin.  New  Phil.  Journal,  zxii,  p.  15&:  Mr,  R,  W,  Fox, 
Report  of  Royal  Com.  Polytech.  Soc.  (1836),  p.  87 :  Mr,  Burr,  Mining  Review, 
No.  X.  p.  169 :  Mr.  De  la  Beche,  Report,  p.  324. 
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curved  and  very  irregular  in  their  bearing,  are  small 
as  well  as  poor :  whilst,  on  the  other  hand,  a  straight 
cotirse  is  accounted  a  desirable  character. 

Those  parts  of  the  lodes  which  are  traversed  by 
longitudinal  joints,  as  in  Binner  Downs,  Wheal 
Strawberry^  Godolphin,  &c. ;  by  cross  joints^  as  in 
IVevidgia,  and  Charlestown  Mines;  and  likewise 
those  portions  of  them  which  exhibit  traces  of  an 
horizontal  beddings  as  at  Dvffield,  and  Wheal  Friend- 
ship, are  generally  very  poor  and  unproductive :  still 
some  of  the  richest  vitreous  copper  ore  in  Levant 
has  a  sort  of  lamellar  arrangement. 

(e.)  On  the  effects  which  are  produced  on  the  con- 
tents qf  lodes  by  their  interference  with  each  other.— 
It  has  been  already  stated  that  when  the  structural 
planes  of  the  rocks  in  descending  fall  into  a  lode,  it 
is  considered  a  favourable  indication.  The  same 
holds  good  of  veins,  branches  (feeders)^  uniting  with 
a  lode  as  they  go  deeper ;  and  by  some  the  chances 
of  improvement  are  thought  the  greater,  the  smaller 
the  angle  included  between  the  veins  thus  uniting.^ 
As  the  separation  of  the  joints  from  lodes  on  the 
line  of  their  underlie  is  accounted  an  unfavourable 
symptom ;  so  also  is  it  one  of  approaching  poverty 
when  veins  (droppers f  fall  off  from  lodes  in  like 
manner. 

1  Mr.  Wm.  Phillips,  Geo.  Trans.,  o.s.  iL  p.  138:  Mr.  R.  W.  Fox,  Report 
of  the  Royal  Corn.  Polytech.  Soc  (1886),  p.  83 :  Prof.  PhillipSy  Laidner's 
Cabinet  Cyclo.,  No.  cxi.  p.  180. 

2  Mr.  Pryce,  Mineral.  Comub.,  p«  103 :  Mr.  Wm.  Phillips.  G^eo.  Traos.,  0.8. 
ii.  p.  115 :  Mr.  Carne,  Com.  Geo.  Trans.,  ii.  p.  100:  Mr.  R.  W.  Fox,  Report 
of  the  Royal  Com.  Polytech.  Soc.  (1836),  p.  87 :  Mr.  Burr,  Mining  Reviefw, 
No.  X.  p.  176 :  Mr,  De  la  Beche,  Report,  p.  838. 

s  Mr.  Thomas,  Report,  p.  20 :  Mr.  Came,  Com.  Geo.  Trans.,  ii.  p.  101. 
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Very  numerous  examples  of  the  richness  of  paral- 
lel lodes,  on  the  same  meridian,  have  been  already 
quoted.^  This  fact  is  now  believed  to  be  most 
valuable  and  important :  and  even  the  correspond- 
ing parts  of  other  veins,  parallel  to  those  which  have 
been  rich,  have  been  thought  more  likely  to  be  pro- 
ductive than  other  parts  of  the  rich  lodes  themselves, 
which  for  a  very  long  time  were  supposed  to  afford 
the  best  chances  of  success.^ 

Not  a  few  of  the  larger  and  richer  bunches,  both 
of  tin  and  of  copper  ores,  have  occurred  in  the  im- 
mediate vicinity  of  cross-courses  and  flucans;^  and 
frequently  has  the  produce  been  exclusively  found 
on  one  side  of  these  intersections,^  whilst  on  the 
opposite  side  the  same  hde  has  been  entirely  worth- 
less ;  as  at  Wheal  Friendship,  Wheal  Jewel,  Wheal 
Vor  near  Woolfs  cross-course,  beside  innumerable 
other  instances. 

It  has  been  already  stated  that  an  eminent  au- 
thority® gives  it  as  a  general  law  in  the  Gwennap 
district,  that  a  lode  is  seldom  or  never  rich  after  it 
has  passed  through  an  elvan-course  in  descending* 

The  surfaces  of  many  of  the  most  productive 
mines  are  intersected  by  depressions  f  sometimes  of 
but  limited  dimensions,  as  at  Wheal  Alfred,  Wheal 
Vor,  Poldice,  &c. ;  though  frequently  by^mall  but 
deep  ravines,  as  at  Herland,  Dolcoath,  Wheal  ToU 
gus,  Wlieal  Towan,  Wheal  Leisure,  Polgooth,  Wheal 

1  Ante,  p,  215.  8  Mr.  Carne,  Corn.  Geo.  Trans.,  iii.  p.  76. 

9  Mr.  Carne,  Corn.  Geo.  Trans.,  ii.  p.  99 :  Mr  Burr,  Mining  Uev.,  No.  x.p.  178. 

4  Mr.  Carne,  Cornwall  Geo.  Trans,  ii.  p.  99. 
5  Mr.  M.  Williams,  ante,  p.  91,  note.        o  Mr,  Burr,  Min.  Kev.,^o,  x.  p.  191. 
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Franco,  Wheal  Friendship,  &c.  The  directions  of 
these  glens  sometimes  coincide  with  those  of  the 
lodes,  as  at  Godolphin,  The  Consolidated  Mines, 
East  Crennis,  &c.;  hut  they  rather  more  commonly 
form  considerable  but  varying  angles,  as  in  Herland, 
Dlocoath,  Wheal  Tolgus,  Wheal  Towan,  Wheal  Lei- 
sure, Wheal  Friendship,  &c. 

Whether  the  origin  of  these  small  valleys^  may  be 
due  to  the  softer  texture  of  rocks  in  the  vicinity  of 
rich  lodes,  as  the  water-shed  of  the  country  on  either 
hand  is  nearly  at  right  angles  to  the  general  bearing 
of  the  lodes,  they  may  have  been  thus  more  exposed 
to  the  erosive  action  of  diluvial  currents,  is  foreign 
to  the  object  of  this  enquiry. 

As,  therefore,  the  productiveness  of  lodes  depends 
on  so  many  conditions,  both  in  the  mechanical  struc- 
ture and  mineral  composition  of  the  rocks,  as  well 
as  of  the  lodes  themselves ;  and  as  experience  seems 
to  show  that  the  same  characters  assume  a  different 
value  in  different  districts;  it  is  evident  that  the 
difficulty  of  forming  an  opinion  on  the  probability 
of  success  in  mining  is  very  great. 

It  must  be  confessed  that  neither  theory,  nor 
practical  knowledge  forms  any  very  certain  ground, 
in  the  present  state  of  this  branch  of  science.  A 
more  extended  experience,  and  a  more  careful  gene- 
ralization of  facts  seem  to  afford  the  only  remedy. 
But  when  the  vast  variety  of  ever-changing  circum- 
stances is  considered,  we  can  only  hope  that  our 
conjectures  will  at  length  attain  a  greater  probability, 

1  Mr.  Hawkins,  Corn.  Geo.  Trans.,  iii.  p.  7 :  Dr.  Boase,  Ibid,  iy.  p.  4S4. 
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and  that  if  they  fa^il  of  absolute  certainty,  they  will, 
at  least,  lead  to  a  closer  approximation  to  the  truth. 

5.  But  metallic  minerals,  though  much  more 
abundant  in  the  lodes  than  in  any  other  mode  of 
distribution,  are  also  diffused  throughout  the  rocks, 
in  irregular  masses,  and  in  minute  veins. 

(a.)  The  diffusion  qf  metallic  minerals  through 
the  rocks. — Small  crystalline  granules  of  tin  ore  are 
dispersed  through  and  form  an  integral  part  of 
the  granite  of  Balleswidden,^  Raggy-rowal,^  Wheal 
Vyvyan,  Carclaxe,  Kit  Hill,  &c. ;  of  some  portions  of 
the  elvanrcourses  at  The  Wherry,  Parbola,  Relistian, 
Wheal  Vor,  Wheal  Unity  Wood^  and  Polherrow ; 
and  of  the  slate  at  Fat-worh.  Copper  pyrites  also 
forms  an  ingredient  in  the  granite  at  Wheal  Vypyan, 
and  in  the  slate  at  Wheal  Music.  The  ore  is  dis- 
seminated through  the  rock  in  just  the  same  manner 
as  it  is  in  the  lodes^  except  that  it  is  more  thinly 
sprinkled.  On  this  account,  indeed,  but  for  the 
opportune  occurrence  of  streams,  which  furnish  a 
cheap  mode  of  working.  Wheal  Vyvyan  and  Car- 
daze  would  probably  remain  unwrought.  The 
metalliferous  Country  of  the  other  minds  I  have 

1  It  is  customary,  in  almost  every  part  of  the  County,  to  cut  up  the  sod,  as 
well  as  the  heath  and  furze  growing  on  tlie  downs,  for  the  purposes  of  fuel. 
An  examination  of  the  turf  taken  up  at  Balleswidden  has  brought  to  light  the 
remarkable  fact  that  it  contains  tin  ore ; — a  most  striking  proof  of  its  universal 
diffusion  through  coarse  soil^  as  well  as  the  rock  of  that  neighbourhood. 

2  Sufficient  water  for  working  this  spot  is  only  to  be  collected  in  winter :  it 
is  now  so  poor  as  to  be  scarcely  worth  pursuit. 

3  At  Wheal  Unity  Wood  (Table  Ixvi.)  both  the  elvan-courses  are  so  rich  in 
tin  ore,  that  they  are  worked  as  (and  sometimes  called)  lodes. 
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mentioned  is  worked  by  the  same  power  which  is 
applied  to  other  richer,  and  more  usual  deposits. 

The  congeries  or  segregation  of  these  specks  of 
ore,  when  they  are  not  formed  on  lines  of  regular 
bearing,  form  the  nodules  and  other  irregular  and 
unconnected  masses  dispersed  through  the  rock : — 
as  of  tin  ore  in  granite  at  Balnoan,  and  Saint  Ives 
Consols;  in  elvan  at  The  Wherry,  Ptarhola,  ReUstian, 
and  Wheal  Vor ;  and  in  slate  at  Fat-wort.  On  the 
other  hand,  when  these  accumulations  take  place  on 
regular  planes,  they  form  the  small  veins  of  tin  ore 
which  are  found  in  the  stanniferous  granite  at  Sal- 
leswidden  (gruys),  Carclaze,  and  Kit  Hill ;  in  ehan 
at  The  Wlserry,  and  Parbola ;  and  in  slate  at  PoU 
berrow,  and  Drake  Walls.  Examples  of  copper 
pyrites  occurring  irregularly  distributed,  and  also  in 
the  form  of  minute  and  regular  veins,^  occur  in  the 
granite  of  Wheal  Vyvyan,  and  in  the  slate  of  Wheal 
Music. 

(b.)  The  irregular  and  unconnected  masses  of  ore 
which  are  found  in  the  rocks. — The  lodeSy  as  they 
have  been  called,  at  Balnoon^  appear  for  some  ex- 
tent at  the  surface  with  the  characters  of  ordinary 
lodes ;  such  as  a  prevailing  dip  and  direction,  and 
somewhat  regular  walls ;  they  consist  also  of  green 
felspar,  schorl,  tin  ore,  and  the  other  ingredients 
usual  in  tin  lodes :  but  they  soon  reach  their  limits. 


1  NameroDS  examples  of  copper  psrrites  and  yitreons  copper  ore  dispersed  in 
irregular  and  unconnected  masses,  and  in  minute  veins  through  the  slate^  occur 
at  Tarcn  Belwyd  and  Cae  Mawr,  near  Dolgelly  in  North  Wales ;  and  I  have 
observed  instances  of  both  kinds  at  the  Parys  mountain^  in  Anglesea, 

2  Ante,  p.  24. 
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both  in  length  and  depth.  Sometimes  the  tennina- 
tion  is  abrupt^  and  they  abut  against  the  regular 
granite  without  any  intervention  of  joints  or  cross- 
veins^  and  re-appear  in  the  same  directions  within 
the  distance  of  a  few  fathoms. 

At  Saint  Ives  Consols^  and,  to  a  small  extent,  also 
in  Wheal  Speedy  and  RosewaU  HiU^  there  are 
masses  of  metallic  minerals  which  would  perhaps  in 
the  lead  mines  of  the  north  be  called  pipe-veins^  but 
here  are  called  carbonas.^  These  are  bodies  of  gran- 
itic matter,  which  contain  tin  ore  in  precisely  the 
same  manner  as  lodes  do ;  but  neither  appear  at  the 
surface,  nor  extend  far  downwards.  That  at  Saint 
Ives  Consols  has  been  traced  about  120  fathoms  in 
length,  and  in  that  distance  dips  40  fathoms,  but  it 
is  nowhere  more  than  10  fathoms  either  in  vertical 
thickness,  or  in  breadth,  and  is  generally  much 
smaller.  It  sends  off  /oc2^-like  shoots  or  branches 
laterally,  and  terminates  in  the  Standard  lode  at  its 
north-west  extremity,  where  it  is  merely  a  few  inches 
in  height  and  breadth. 

At  Wheal  Speed  there  are  several,  but,  compared 
with  the  last  described,  they  are  insignificant  in  size:® 

1  Ante,  p.  21.  2  Ibid,  p.  187.  3  Ibid,  p.  21,  note 

4  ''  A  piite  yein  resembles,  in  many  respects,  a  huge  irregalarcayem,  poshing 
'<  forward  into  the  body  of  the  earth,  in  a  slanting  or  sloping  direction,  but 
''  many  of  them  with  very  different  degrees  of  slope ;  some  of  them,  having 
^'  but  a  few  degrees  of  slope  from  the  horizontal  flatness,  and  others  declining 
''  precipitately,  so  as  to  be  nearer  the  perpendicular  position  than  the  angle 
'*  forty-five.  In  short,  they  stand  in  all  positions,  between  the  perpendicular 
"and  horizontal.'^  Mr,  Westgarth  Forster,  Section  qf  the  Strata  from 
Newcastle-upon'Tyne  to  Cross  Fell,  p.  246. 

f^  Ante,  p.  21,  note. 
0  As  these  are  so  short  they  appear  like  pipes :  were  they  of  greater  extent 
they  would  probably  be  considered  >2oors. 
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these  also  spring  from  the  lodes  and  have  a  similar 
mineral  composition.  At  RosewaU  Hill  too^  I  am 
informed  they  were  of  no  great  extent. — All  these 
instances  are  in  granite. 

The  unconnected  masses  of  tin  ore  which  are 
found  in  elvan  at  The  Wherry,  Relistian,  Parhola, 
Wheal  Vor,  and  Polherrow,  sometimes  assuming 
the  appearance  of  short  veins^  at  others  of  irregular 
bodies  of  some  size^  and  often  of  small  grains  dis- 
seminated through  the  whole  substance  of  the  ehan, 
but  nowhere  extending  into  the  contiguous  slate^ 
may  be  considered  to  belong  partly  to  this  class,  and 
partly  to  that  of  the  stanniferous  granite  already 
described. 

Somewhat  analogous  in  their  characters,  but  every- 
where connected  with  lodes,  are  the  floors^  which 
strike  off  from  them  nearly  horizontally.  These 
also  consist  of  the  same  ingredients  as  the  lodes, 
whether  in  granite,  as  at  BotaUach  and  Wheal  Reeth, 
or  in  slate,  as  at  Wheal  Vor.  The  Trevaunance  lode, 
at  PolherroWy  which  comes  in  contact  with  several 
others,  may  perhaps  be  classed  with  the  floors  as  an 
instance  of  a  more  extensive  formation  of  the  same 
kind.  All  these  afford  tin  ore ;  but,  at  Wheal  Tran- 
nock  in  granite,  and  Virtuous  Lady  in  slate,  copper 
pyrites  also  occurs  under  very  similar  circumstances. 

(c.)  The  minute  metalliferous  strings  and  veins,  at 
BaUeswidden,  Wheal  Vyvyan,  and  Carclaze,  show  a 

1  Dr,  Borlase,  Natural  History,  p.  161 :  Mr.  Pryce,  Mineral.  Comab.^p.  81 : 
Mr.  Hawkins,  Cornwall  Geo.  Trans.,  ii.  p.  31:  Mr.  Came,  Ibid,  p.  396: 
M.  Foumet,  Etudes  sur  les  depots  M^tallif^res,  p.  232 :  Mr.  R.  W.  Fox, 
Report  of  the  Royal  Corn.  Polytech.  Soc.  (1836),  pp.  83>04. 
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most  intimate  relation  with  the  stanniferous  granite 
which  they  traverse ;  the  same  connexion  subsists 
between  the  small  veins  of  tin  ore  and  the  ehan  at 
The  Wherry  and  Parhola,  which  abounds  in  the 
same  ore,  and  in  both  cases  they  terminate  on  touch- 
ing the  slate  rock  on  either  side  of  the  elvan  ;  and  a 
like  similarity  in  character  prevails  between  the 
containing  granite,  spotted  with  copper  pyrites  and 
the  minute  strings  of  the  same  mineral  at  Wheal 
Vyvyan,  and  in  slate  at  Wheal  Music. 

Whether  they  are  traversing  metalliferous  rocks, 
as  at  JBalleswidden,  Wheal  Vyvyan^  Garelaxe,  and 
Wheal  Mtesic,  or  those  through  which  no  ores  are 
sprinkled,  as  at  Kit  Hill  and  Drake  Walls,  the 
rectilinearity  of  these  small  veins  is  equally  charac- 
teristic, their  dips  are  as  well  preserved,  theilr  inter- 
sections by  each  other  and  by  cross-veins  as  clearly 
marked,  and  their  enlargements  and  contractions, 
richness  and  poverty,  are  as  well  shown  as  they  are 
in  the  large  lodes. 

Their  dimensions  also  vary  exceedingly,  from  a 
mere  line  to  the  size  at  which  they  would  be  every- 
where considered  as  regular  lodes,  and  indeed,  in  all 
particulars,  they  have  the  most  exact  resemblance — 
indeed  the  most  perfect  identity — with  that  class  of 
metalliferous  deposits.  Again,  at  Binner  Downs, 
Wheal  Trcwavas,  and  in  many  other  places,  there 
are  small  veins  which  are  the  counterpart  of  these 
strings,  and  separate  from  and  again  fall  in  and  re- 
unite with  the  lodes.  The  cross-Courses  at  Pother" 
row  intersect  and  heave  these  minute  strings  in 

VOL.  V.  LL 
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exactly  the  same  manner  as  they  do  the  larger  lodes. 
PI.  XL,  Fig.  1,  2,  3,  4. 

Enough  has  now  been  adduced  to  prove  that, 
whether  the  Country  be  metalliferous  or  not,  in  ex- 
tensive tracts  traversed  by  large  lodes,  or  smaller 
areas  intersected  by  minute  strings  and  veins,  the 
mode  in  which  the  metallic  minerals  are  arranged  is 
much  the  same ;  viz.,  that  they  are  aggregated  on 
lines^  slightly  undulating,  and  generally  continuous 
for  considerable  distances.  When,  however,  this 
continuity  ceases,  the  unconnected  masses  appear  to 
have  no  dependence  on  each  other,  although  they 
may  in  fact  occupy  different  portions  of  the  same 
lines. 

II. — The  size  or  breadth  of  the  lodes 

Is  the  most  variable  and  irregular  of  their  charac- 
ters.^ Certain  parts  of  some  of  them  consist  of  a 
mere  line  between  the  opposing  faces  (waUs)  of 
rock,  whilst  portions  of  others,  as  in  Wheal  Vor, 
Tincrqfl,  North  Roskear,  &c.,  are  not  less  than  from 


1  *'  In  Cornwall  we  hare,  as  is  well  known,  both  on  the  great  scale  and  the 
"  small,  every  modification  of  reined  structure.  Tin  is  distributed  through 
'*  some  of  the  granitoid  rocks  where  no  vein  is  visible/'  Prop.  Sbdowiok, 
Address  to  the  Geological  Society  (^lSZl)j  Proceedings  qfthe  Geo,  Soc.  u  p.  283, 
Phil,  Mag,  and  Annals,  ix.  (1881),  p.  283. 

2  Dr.  Borlase,  Natural  History,  pp.  145-152 :  Mr.  Pryce,  Mineral.  Comub. 
p.  79 :  Mr.  W.  Phillips,  Geo.  Trans.,  o.s.  ii.  p.  116 :  Mr.  Thomas,  Report,  p.  19 : 
Mr.  Came,  Corn.  Geo.  Trans.,  ii.  pp.  88-95-105  :  Dr.  Boase,  Ibid.  iy.  p.  444, 
and  Primary  Geology,  p.  171 :  Mr.  Taylor,  on  Mineral  Veins,  Reports  of  the 
British  Assoc.  (1888),  p.  4 :  Mr.  Burr,  Mining  Review,  No.  viii.  (1836),  p.  217 : 
Mr.  R.  W.  Fox,  Report  of  the  Royal  Cornwall  Polytech.  Soc.  (1836),  p.  84 : 
Professor  Phillips,  Lardner's  Cabinet  Cyclo.  (No.  cxi.)  Geology,  ii.  p,  129 : 
Mr.  De  la  Beche,  Report,  p.  343. 
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30  to  40  feet  wide.  Such  extremes  are,  however, 
uncommon  in  the  same  lode,  although  its  size  may 
still  vary  considerably,  as  the  following  examples 
will  show.  At  Tincrqft,  some  parts  of  the  High- 
burrow  lode  are  but  3  or  4  feet  wide,  whilst  others 
are  30  or  40  feet;  the  Engine  lode^  at  (tVheal 
Crqfty)  North  Roshear,  varies  from  1*5  to  18  feet ; 
the  Main  lode,  in  Wheal  Tor,  varies  from  3  to  30 
feet  in  breadth ;  and  the  width  of  the  Bor  lode,  in 
Polladras  Downs,  varies  from  an  inch  to  4  feet ;  at 
Polgooth,  Saint  Martinis  lode  varies  from  1  to  7 
fathoms ;  in  Pembroke,  the  variation  is  from  a  mere 
line  to  8  feet ;  and,  in  Wheal  Friendship,  it  is  from 
2  to  40  feet 

These  great  changes,  though  sometimes  sudden, 
are  rarely  rapid  in  their  progress,  and  it  seldom  hap- 
pens that  a  very  large  and  a  very  small  portion  are 
found  within  a  few  feet  or  even  several  fathoms  of 
each  other.  Every  lode  is  generally  characterized 
by  a  prevailing  size,  which,  however,  may  now  and 
then  greatly  fluctuate,  though,  for  the  most  part,  it 
does  so  within  moderate  limits. 

On  the  whole  the  lodes  which  occur  in  the  granite 
are  smaller  than  those  in  the  slate,  the  mean  width 
of  the  former  being  3-18  feet,  and  of  the  latter  3-75 
feet. 

The  lodes,  on  passing  from  one  kind  of  rock  into 
another,  frequently  change  their  dimensions,  as  well 
as  their  mineral  characters  :^ — thus,  at  Great  Work, 
the  Wheal  Breage  lode,  in  granite,  is  on  an  average 

1  Ante,  p,  189, 
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about  2  feet  wide,  but,  on  entering  the  slate,  it 
rapidly  declines  to  an  inch,  and  is  not  again  seen  to 
enlarge.  In  Wheal  Var,  the  Main  lode,  which  pro- 
bably averages  not  less  than  from  6  to  8  feet  wide  in 
slate,  never  exceeds  1*5  foot  in  breadth  after  it  en- 
ters the  granite  in  Carleen.  At  Dokoath,  the  Main 
lode  diminishes  in  size  on  entering  the  granite; 
whilst,  in  Tincrqft,  where  the  granite  overlies  the 
slate  at  the  Highburrow  lode,  that  lode  was  found 
at  least  twice  as  wide  in  the  granite  as  it  was  in  the 
slate.  In  Ting  Tang,  and  Tresavean,  the  lodes 
apparently  enlarge  in  granite ;  on  the  other  hand,  at 
Wheal  Trannack,  Cooks-kitchen,  Wheal  BuUer,  and 
in  some  other  instances,  the  passage  of  the  lodes 
from  one  rock  to  another  is  marked  by  no  alteration 
in  their  dimensions,  although  their  mineral  charac- 
ters were  changed.  At  Gtvallon  there  are  some 
remarkable  alterations  in  the  size  of  the  lode,  al- 
though the  whole  of  one  wall  is  elvan,  and  of  the 
opposite  slate.  In  Dolcoath,  the  Counter  lode ;  in 
Wheal  BuUer,  Dave^s  lode ;  at  Poldory,  the  Old 
lode  and  Buzzes  lode ;  at  The  Consolidated  Mines, 
Taylor's  lode ;  in  Wheal  Prudence,  the  North  lode  ; 
and  at  Polgooth,  Saint  Martinis  lode,  assume  a 
veined  structure  or  are  split  into  strings  on  passing 
from  slate  into  elvan ;  whilst,  at  Wheal  Darlington, 
Great  Wheal  Fortune,  Herland,  Relistian,  Ih{ffield, 
Wheal  Vor,  some  parts  of  Dolcoath,  CooVs-Jntchen, 
and  Wheal  BuUer,  no  alteration  in  the  size  seems  to 
take  place,  whether  the  lodes  be  in  slate,  in  ehan,  or 
included  between  both.    At  West  Poldice,  on  the 
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contrary,  the  lode  seemed  to  increase  in  size  when 
it  was  contained  between  a  wall  of  slate  on  one  side 
and  of  elvan  on  the  other. 

As  it  has  been  already  shown  that  the  lodes  in 
granite  are  somewhat  smaller  than  those  in  slate,^ 
and  that  tin  ore  is  rather  more  abundant  in  the 
former  than  in  the  latter/  it  might  have  been  in- 
ferred that  the  tin  hdes  were  smaller  than  the  cop- 
per lodes :  the  difference  in  this  respect  is,  however, 
so  very  trifling,  and  the  results  ( in  Table  ci.)  were 
in  so  many  instances  derived  from  solitary  examples, 
that  but  little  can  be  deduced.  It  is,  however,  a 
fact  of  some  consequence,  that  the  hdes  which  yield 
the  ores  of  both  those  metals  in  a  state  of  mixture 
are  considerably  larger  than  those  in  which  either  of 
them  is  singly  found :  for  whilst  the  mean  size  of  the 
tin  lodes  is  about  3*06  feet,  and  of  the  copper  hdes 
2*93  feet,  that  of  the  lodes  in  which  both  these  ores 
occur  is  4-  7  feet,  and  this  greater  average  breadth 
takes  place  whatever  may  be  the  nature  of  the  con- 
taining rock,  or  the  depth  at  which  the  mean  may 
have  been  estimated. 

From  Table  ci.  it  appears  that  the  average 
breadth  of  the  lodes,  at  less  than  100  fathoms  deep, 
is  3 '97  feet;  whilst,  below  1 00  fathoms,  the  mean 
size  is  but  3  *  36  feet.  In  order  to  explain  why  this 
diminution  is,  in  all  probability,  often  OMly  apparent 
and  not  real,  it  is  necessary  to  revert  to  that  portion 
of  the  last  chapter^  which  treats  of  the  richness  of 
lodes.    It  is  there  stated  that  the  most  productive 

1  Ante,  p.  241.  »  Ibid,  p.  195,  8  ibid,  p.  231. 


244       W.  J.  Henwood,  on  the  Metalliferous 

parts  are  generally  the  most  perpendicular,  and  that 
this  erect  position  takes  place  by  means  of  the 
lower  C/ool)  wall  of  the  lode  becoming  less  inclined 
(be/lying  out),  and  its  thus  becoming  more  perpen- 
dicular and  larger  at  the  same  time. 

Now,  at  Binner  Dawne,  Doleoaik,  The  Consoli- 
dated Mines,  and  in  many  other  places,  it  bo  hap- 
pened that  the  deepest  parts  were  all  poor  at  the 
periods  of  my  inspection  ;  and,  generally  speaking, 
a  diminution  in  the  width  of  a  lode  is  a  precursor  of 
poverty,  whilst  an  increase  in  its  size  is  an  indication 
of  improvement :  therefore  the  smaller  size  of  the 
lodes  just  mentioned,  together  with  the  flatness  in 
their  deepest  parts,  may  be  considered  not  as  conse- 
quent on  the  depth,  but  on  their  poverty.'  To  the 
general  fact  that  an  increase  in  size  generally  attends 
an  improvement  in  the  produce,  the  large  lodes 
which  are  chiefly  composed  of  iron  pyrites  are  an 
exception;  for  these  are  seldom  valuable  until  they 
become  smaller.* 

Whatever  may  he  the  cause,  the  general  fact  of  a 
diminution  in  the  breadth  of  the  deepest  parts  seems 
sufficiently  evident* 

The  last  column  in   Table  ci.  gives  the  mean 

I  "  Man;  mioeB  hare  beeo  alternalel]'  worked  and  abandoaed  on  Teaching 
"  noproductiTe  muiea  of  the  vein  which  at  the  timG  were  considered  a  Baal 
"lerminatioaofilainetallifenHiBpartioD.  •  •  •  •  TheM Buppoaed failurea 
"  have  often  beeo  proved  to  be  partial  onl;." 

Hi.  fiDBt.  MiMimg  BtrUic,  No.  TiU.  (I8S6),  p.  9IS. 
»  AiUe,  p.  9S1. 

sHr.  Prjce,  MineTal.  CornDb.,p.  7S:  Mr.  W.  Phillips,  Om.  Traiu.,  u*. 
ii.p.lIO:  Mr.  CMve,  Comirall  Oeo.  Ttmu.,  U.  p.  184 :  Ut.  BoMe,  Primaij 
Geology,  p.  ITI :  Mr.  B.  W.  fox,  PhiL  Hag.  and  Annala,  vi.  (1819),  p.  17  f 
Report  of  Ike  Royal  Comwafl  Pdytodi,  Sac.  (1896),  p.  S9. 
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width  of  the  lodes  in  each  district,  and  exhibits 
differences  in  this  respect  for  which  it  is  not  easy  to 
assign  explanations. 

As  the  foregoing  Tables^  contain  so  many  parti- 
culars of  the  breadths  of  the  lodes  in  every  mine,  it 
would  be  a  needless  repetition  to  enter  more  into 
detail  respecting  them. 

III. — The  dip  of  lodes 

Is  always  so  irregular,  that  no  straight  line  can  be 
drawn  through  the  lode  itself  to  connect  distant 
points  at  different  levels.     The  inclination  often 
changes  when  the  lode  passes  from  one  kind  of  rock 
to  another ;  and  when  it  does  so  from  a  soft  into  a 
very  hard  and  compact  one,  it  frequently  becomes 
flatter,  and  occasionly,  at  a  junction  of  different 
rocks,  it  may  run  for  a  few  fathoms  between  them. 
It  has  been  already  stated^  that  the  richest  parts  of 
almost  every  lode  have  the  highest  inclination.    But 
the  curvatures  and  irregularities  in  the  underlie  of 
lodes  seem  to  depend  on  other  causes  beside  the 
texture  and  composition  of  the  rocks,  and  their  own 
richness.    These,  whatever  they  may  be,  are  not 
very  apparent.    One  probably  is  the  position  which 
the  lodes  occupy  with  respect  to  the  large  granitic 
masses  in  their  neighbourhoods.    In   Table  cii.  it 
may  be  seen  that  of  296  examples,  162  dip  towards, 
and  111  from  the  nearest  granite,  and  there  are  23 
doubtful  cases.    This  shows  a  considerable  prepon- 

1  Tables  i,  to  xcviii.  2  Ante,  p.  2S1. 
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derance  in  the  number  of  inclinations  towards  the 
granite,  but  perhaps  not  one  sufficiently  great  to  be 
of  material  consequence.  It  may  be  in  conformity 
to  some  law  of  this  kind  that  the  greater  number  of 
lodes  in  some  districts,  those  of  Helston,  Camborne, 
Redruth,  and  Saint  Austell  for  instance,  incline  to- 
wards the  north  ;^  whilst  in  others,  as  at  Saint  Just,* 
Gwinear,  &c.,  the  prevailing  underlie  is  towards 
the  south.*  Of  the  296  cases,  in  Table  cii.  before 
mentioned,  145  incline  towards  points  of  the  com- 
pass north  of  the  east  and  west,  and  122  to  points 
on  the  opposite  side  of  that  line,  whilst  4  dip  towards 
the  east,  and  1 1  to  the  west,  and  there  are  1 4  nearly 
vertical.  Thus,  when  the  dip  with  regard  to  the 
granite  is  compared  with  that  towards  either  of  the 
cardinal  points,  there  is  a  numerical  preponderance 
in  the  former  which  is  scarcely  discernible  in  the 
latter. 

Notwithstanding  the  very  considerable  difference 
which  takes  place  in  the  degree  of  the  inclination  of 
a  lode  in  different  parts  of  its  course,  still  the  direc- 
tion of  its  dip  (so  to  speak)  is  generally  the  same : 
that  is,  a  lode  which  underlies  towards  the  north 


1  "  In  a  line  drawn  from  either  Hnel  Fortune,  or  the  United  Mines,  to  Hael 
**  Alfred,  the  lodes  generally  underlie  northwards ;  which/'  (with  some  ex- 
exceptione)  "  indeed,  is  the  direction  of  the  underlie  of  a  Tcry  large  mijoritj 
''  of  all  the  copper  lodes."    Mr.  Carnb,  Cornwall  Geo,  TrmtB.^  ii.  p.  97. 

s  «  Almost  all  the  lodes  which  are  situated  in  the  northern  part  of  St.  Just 
'<  (north  of  the  yalley  of  Nandi^rrow)  underlie  towards  the  south,  whilst  Bost 
*'  of  those  in  the  southern  part  underlie  northwards/'    Ibid,  ii.  p.  S2S. 

8  <<  The  lodes  od  another  line,  south  of  the  last,  extending  ftwn  Ttenowelh, 
'<  through  Huel  Abraham,  Godolphin,  ficc,  to  West  Huel  Fortune,  generallj 
''  underlie  southwards.  •  •  •  There  are  a  few  exceptions  on  this  line,  but 
**  they  are  not  so  numerous  as  on  the  other.''    Ibid,  ii.  p.  97. 
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v/ill  very  seldom  take  a  southerly  inclination  in  any 
part  of  its  bearing.  Still  there  are  many  cases  in 
which  this  happens;  as  at  Great  Wheal  Fortune, 
Wheal  Trumpet,  Stray  Pari,  North  Roshear,  and 
Taylof^s  lode  in  The  Consolidated  Mines,  but  the 
number  is  incomparably  smaller  than  where  the  dip, 
though  varying  in  degree,  is  always  iu  the  8amQ 
direction. 

Throughout  Cornwall,  and  the  west  of  Devon, 
the  mean  dip  of  the  lodes  may  be  about  70^  from  the 
horizon  ;^  but  in  this  respect  there  is  a  considerable 
di£Ebrence  between  the  lodes  in  the  eastern  and  west- 
ern districts.  Thus,  in  the  neighbourhood  of  Gal*' 
lington  the  mean  dip  is  probably  between  50^  and 
60^;  at  Polgooth,  Charlestown,  East  Crennis,  wd 
indeed  generally  through  the  Saint  Austell  dJatrict, 
the  average  is  little,  if  at  all,^more  than  60^;  at 
West  Pink,  Wheal  Kitty,  PoJherrow,  United  Hills, 
and  the  rest  of  the  Saint  Agnes  district,  the  mean  is 
scarcely  beyond  that  of  Saint  Austell.  Indeed,  at 
The  Virtuous  Lady,  and  Wheal  Friendshij;?  near 
Tavistock,  the  Trevaunance  lode^  in  Polberrow,  and 
in    United  Hills,  the  dip  is  so  trifling  that  the 


1  «<  TiB  and  copper  lodes  are  a  few  of  them  vertical  or  nearly  so,  while  some 
"  few  have  an  inclination  of  about  60*^  from  the  perpendicular  line ;  bat  the 
"  general  iaclination  is  from  15^  to  25^."    Mr.  Thomas,  Report,  p.  19. 

See  also,  Mr.  Burr,  Mining  Review,  No.  viii.  (May,  1836),  p.  212:  Mr. 
Ri  W.  Fox,  Report  of  Royal  Cornwall  Polytech.  Soc.  (1836),  p.  84 :  Professor 
Phillips,  Lardner's  Cabinet  Cyclo.,  Geology,  ii.  (No.  cxi.),  p.  129. 

2  The  ore  and  rubbish  are  drawn  out  of  this  mine  by  me^ns  of  waggons 
working  on  a  railway,  which  i^  inclined  at  about  50®,  and  reaches  nearly  200 
fathoms  deep, 

8  This  lode  is  so  flat,  that  it  affords  a  conveQient  road  for  the  wheel-barrows 
of  the  miners. 

VOL.  V.  MM 
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labourers  have  access  to  some  parts  of  the  mines  by 
means  of  steps  cut  in  the  lower  (foot)  walls  of  the 
lodes.  There  is  also  a  very  flat  lode  at  Ting  Tang 
and  Wheal  Squire.^  It  must  not^  however^  be  un- 
derstood that  these  JkU  lodes  are  poor^  or  that  the 
fact  of  their  being  sometimes  rich,  in  any  way  con- 
tradicts what  has  been  already*  advanced^  that  the 
richer  portions  of  the  lodes  are  nearest  to  the  per- 
pendicular :  for,  although  this  is  invariably  the  case, 
it  does  not  follow  that  the  lodes  which  are  the  most 
vertical  are  throughout  the  richest. 

There  are  numerous  examples  of  very  productive 
lodes  dipping  in  the  same  direction  as  the  inclination 
of  the  surface;^  as  at  The  Consolidated  Mines, 
Wheal  Reeth,  See. :  but  they  have  quite  as  often,  if 
not  oftener,  an  opposite  underlie ;  as  at  Wheal  Vor, 
Dolcoath,  Fowetf  Consols,  &c. 

At  Wheal  Reeth,  Wheal  Vor,  CooVs-kitchen,  The 
United  Mines,  North  Doums,  Polberrow,  Wheal 
Leisure,  Fowey  Consols,  and  indeed  in  many  other 
places,  lodes  dipping  towards  opposite  points  occur 
within  very  small  tracts.  When  some  of  these  fall 
in  contact  with  others,  they  unite,  and  are  not  seen 
to  separate  again  from  each  other :  in  other  cases, 
one  lode  merely  intersects  another,  whilst  in  some 
instances  their  vertical  interferences  are  accompanied 
by  those  breaches  in  their  continuity^  which  are 

1  Mr.  Thomas,  Report,  pp.  45-63.  8  Ante,  p.  2S1. 

a  Mr.  Burr,  Mining  Review,  No,  x.  (18S7),  p.  192. 

4  Mr.  Pryce,  Mineral.  Cornub.,  107 :  Mr,  Wm.  Phillips,  Geo.  Trans.,  o.s. 

ii.  p.  186 :  Mr.  Thomas,  Report,  pp.  20-23 :  Mr.  Came,  Cornwall  Geo,  Trans., 

ii.  pp.  91-98-120:   M.  Foumet,  Etudes  sur  les  Depots  M^tallif^res,  p«  116: 
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locally  called  throws,  slides,  or  leaps.  These  will  be 
considered  in  a  subsequent  part  of  this  Memoir. 

The  passage  of  lodes  from  one  rock  into  another 
is  seldom,  if  ever,  attended  by  any  change  in  their 
directions :  whether,  indeed,  they  traverse  granite, 
slate,  or  elvafi,  seems  in  no  case  to  influence  their 
bearing,  which  rather  appears  to  depend  on  some 
circumstances  peculiar  to  the  district,  than  on  the 
nature  of  the  containing  rock.  Where,  however, 
two  different  rocks  unite,  the  lodes  not  unconmionly 
run  for  a  few  fathoms  between  them ;  as  at  Provi- 
dence Mines,  Wheal  Tor,  Wheal  Duller,  and  Treson 
vean,  where  for  a  short  space  they  lie  between 
granite  and  slate,  and  at  West  Poldice,  Great  Wheal 
Fortune,  Gwallon,  and  Dolcoaih,  where  they  are  in 
like  manner  bounded  on  opposite  sides  by  slate  and 
elvan. 

The  hdes  in  the  Saint  Just  district  differ  from  the 
general  bearing  more  than  any  others ;  and  in  them 
vitreous  copper  is  more  plentiful  than  any  other  ore, 
whilst  in  the  other  districts  copper  pyrites  is  most 
abundant.  It  is,  however,  impossible  to  determine 
whether  this  difference  may  depend  on  the  nature  of 
the  containing  rocks,  or  on  the  directions  of  the 
lodes.  In  all  the  other  tracts  the  courses  of  the  lodes 
do  not  seem  to  exercise  the  slightest  influence  on 
their  composition. 

My  own  Paper,  Proceedings  of  the  Geol.  Soc.,  i.  (1882),  p.  405 ;  and  another, 
Edin.  New  Phil.  Journal,  xxii.  (1836),  p,  160 :  Mr.  R.  W.  Fox,  Report  of  the 
Royal  Cornwall  Poly  tech.  Soc.  (1836),  p.  87 :  Mr  De  la  Beche,  Report,  p.  334, 

MM  2 
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IV. — The  directions  of  the  lodes 

In  the  different  districts  are  particularized  in  Table 
cm.;  but  the  mean  of  each  district  is  as  follows :— - 


Saint  Jnst    —    — 

—    —    SS^N.ofW. 

Saint  Ires    —    — 

_    —      S^N.ofW. 

Marazion     —    — 

—    —      1«  S.  of  W. 

Gwinear,  &c.      — 

—    —      2«»N.ofW. 

Helston        —    — 

—    —    16"  S.ofW. 

Camborne,  &c.     — 

—    —    20"  S.ofW. 

Redruth,  &c.       — 

—    —    22«  S.ofW. 

Saint  Agnes         — 

—    —    22«  S.ofW. 

Saint  Austell       — 

—    —    13"  S.ofW. 

Tavistock,  &c.    — 

—    —      9«  S.ofW. 

and  the  average  of  the  whole  4^  S,  of  W. 

From  this  statement  it  will  be  remarked  that  the 
lodes  of  the  Saint  Just  district  bear  much  more  to 
the  northward  of  west  than  those  of  any  other  ^ 
those  of  Saint  Ives*  also  ^^  carry  their  heads'*  some- 
what in  the  same  direction,  but  with  less  deviaticm 
from  the  line  of  east  and  west.  The  lodes  in  the 
Marazion  and  Gwinear  districts'  vary  even  less  froni 
an  easterly  and  westerly  direction ;  whilst  in  that  of 
Helston^  they  stril^  considerably  to  the  southward 
of  west ;  this  deviation  increases  in  the  Camborne^ 

1  Mr,  Came,  Corn*  Geo.  Trails.^  ii.  pp.  89-S21 :  My  ownPaperSy  Edim  New 
Phil.  Jooraaly  xzii.  (18S6},  pp.  150^179 ;  Anaatos  dee  Miaety  si.  (1897), 
p.  588;  AnnalBof  Electricity,!,  p.  185:  Mr.  R,W.  Fox,  Report  of  tbe  Royal 
Cornwall  Polytech.  Soc«  (1856),  pp.  85-95 :  Mr.  Be  la  Beche,  Report,  p.  508« 

5  Mr.  De  la  Beche,  Report,  p.  506. 
3  Ibid,  p.  507.  «  Ibid,  p.  507.  &  Ibid,  p.  506. 
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tracts  and  reaches  its  maximum  in  the  central  por* 
tions  of  the  great  mining  field  of  Cornwall,  viz.,  in 
the  Redruth  and  Saint  Agnes^  districts.  The  mean 
direction  of  the  lodes  near  Saint  AustelP  again  more 
nearly  approaches  the  east  and  west  line ;  and  in  the 
vicinityof  Tavistock^  the  approximation  is  still  clo£»r« 

Fig.  5,  PL  XL  may  give  an  idea  what  would  be 
the  course  of  a  lode  could  it  be  traced  continuously 
through  these  districts,  and  if  it  took  successively 
the  mean  bearing  of  the  hdes  in  each.  This,  of 
course,  is  only  hypothetical,  as  there  is  no  instance 
known  in  which  a  lode  has  been  traced  with  certainty 
from  one  district  into  another.^  On  the  whole,  the 
directions  of  the  lodes  have  a  kind  of  coincidence 
with  that  of  the  granitic  range  which  appears  at 
intervals  in  the  tract  from  Dartmoor  to  the  Land's- 
end ;  and  there  may  perhaps  be  slight  similarity  to 
the  course  of  a  line  drawn  through  the  centre  of 
Cornwall  from  east  to  west  :^  but  the  resemblance  is 
by  no  means  a  close  one. 

In  the  Saint  Just  district  indeed,  many  of  the 
lodes  seem  as  if  they  radiated  towards  the  sea 
from  some  central  point  inland :  thus,  at  Levant, 
Wheal  Coch,  and  other  mines  in  the  north  of  that 
parish,  several  of  the  hdes  bear  but  a  few  degrees 
west  of  north,  whilst  in  the  southern  parts  of  it  they 
are  generally  much  nearer  to  east  and  west. 

Although  the  mean  bearings  of  the  lodes  differ 
in  different  districts,  yet,  wben  each  tract  is  taken 

1  Mr.  De  la  Beche,  Report,  p.  305.         2  Ibid,  p.  S03.        3  Ibid,  p.  302. 
4  AnUy  p.  175.         5  Mr.  De  la  Beohe,  Report,  p.  309. 
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singly,  there  is  a  general  approach  to  parallelism  id 
the  principal  lodes  in  it :  and  the  small  differences 
which  occur  in  their  directions  are  commonly  in 
spots  at  some  distance  from  each  other.  This  is  the 
case  in  the  Saint  Ives  and  Marazion  districts,  and 
especially  in  those  of  Helston  and  Redruth ;  in  all 
which  the  courses  of  the  greater  number  of  the  lodes 
have  a  considerable  uniformity. 

To  a  certain  extent  this  also  obtains  in  most  of 
the  other  districts:  for  in  them  the  principal  or 
Champion^  lodes  have  a  similar  coincidence,  or  the 
differences  in  their  directions  take  place  in  rather 
distant  localities.  But  in  the  Gwinear  and  Cam- 
borne districts  there  are  other  lodes  (locally  called 
Caunter  lodes^  which  differ  from  21^  to  75""  (the 
mean  difference  being  54^)  from  the  directions  of 


1  AfUCf  p.  176. 

s  *'  A.U  reins  crcMsing  each  other  may  be  tenned  Contras  in  respect  of  each 
^  other,  as  their  courses  are  in  opposition ;  bat  from  the  best  information  I  can 
''  procure,  all  those  Gossans  which  are  direct  east  and  west,  run  throogfa  ererj 
<'  other  Lode  like  Cross-Oossans,  bat  do  not  disorder  them  in  the  same  man- 
"  ner :  therefore  I  chuse  to  fix  the  name  of  Contra,  Tolgarly  called  Caanter,  to 
*'  these  direct  east  and  west  Lodes."    Mr.  Pryoe,  Mmeral,  Cornub^  p.  105. 

^  There  occurs  still  another  species  of  vein,  of  which  the  coarse  or  directioii 
"  is  generally  about  north-east  and  south-west,  and  which  therefore  is  oblique 
"  in  respect  to  all  other  yeins :  from  this  circumstance  I  presnme  it  to  have 
<*  obtained  the  name  of  Comtre  or  CawUerJ' 

Mr.  Wm.  Phillips,  Geo,  Trans,,  o.8.  ii.  p.  139. 

**  There  are  some  few  lodes  which  vary  thirty  or  forty  degrees  from  the 
^  general  direction,  and  are  commonly  called  cmmUr  lodes.'' 

Mr.  Thomas,  Report,  p.  19. 

''  By  contra  lodes  (I  mean)  metalliferous  veins  whose  direction  is  from  30** 
«  to  eO'*  from  east  and  west"    Mr.  Carme,  ComwaU  Geo,  2VaM.,  ii.  p.  85. 

'<  There  Is,  however,  a  metalliferoos  series  of  veins  the  eonira  or  cmaiier  kdet, 
^  which  have  a  direction  about  N.W.  and  S.  E.** 

My  own  Paper,  £dtii.  New  PhU.  Journal,  xxii.  (18S6),  p.  159. 

See  also,  Mr.  Burr,  Mining  Rev.,  No.  viU.  (18S6),  p.  210:  Afr.  R.  W.  Fox, 
Report  of  Royal  Com.  Polytech.  Soc.,  (18S6),  p.  83 :  ProL  PhilUps,  Lardnei's 
Cabinet  Cyclo.,  Geology^  ii.  (No.  cxi.) :  Mr.  De  la  Heche,  Report,  p.  865. 
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the  Champion  lodes  in  the  same  mines ;  though  they 
may  perhaps  present  no  greater  differences  when 
compared  with-  the  bearings  of  other  Champion  lodes 
at  distant  spots,  than  these  Champion  lodes  exhibit 
when  compared  with  those  in  other  places.  The 
Gaunter  lodes  have  also  similar  discordances  when 
compared  with  each  other.  These  differences  are 
perhaps  best  seen  when  comparing  with  each  other 
the  directions  of  the  Fancy  Caunter  and  Colenso's 
lodes  in  Her  land,  the  Gooseberry  and  Hichs^s  lodes 
in  Sinner  Dotvns,  all  the  lodes  in  GodolpMn,  except 
that  which  is  there  called  the  Caunter,^  Longclose 
Caunter  and  Reeves  lodes  in  Ea^t  Wheal  Crqfty,  the 
Counter  lodes  in  Wheal  Providence,  Cartdse,  Dol- 
coath.  North  Roshear,  and  East  Pool,  with  each 
other,  and  with  the  other  lodes  in  the  same  mines, 
and  the  hde  of  Wheal  Strawberry  with  the  South 
lode  in  JSinner  Doums  which  is  the  Champion  lode 
nearest  to  it. 

The  Caunter  lodes  have  no  distinctive  character 
but  that  of  direction :  they  invariably  bear  to  the 
north  of  the  Champion  lodes  as  they  go  westward, 
the  mean  strike  being  31^  N.  of  W.;  and  the  great- 
est difference  in  the  direction  of  Caunter  lodes  is 
between  those  of  adjoining  mines.  East  Wheal 
Crqfty  and  East  Pool,  which  is  49^. 

1  In  GodolpMn  the  only  lode  which  bears  25®  S.  of  W,  is  called  the  Caunter, 

'^  Cornish  miners  always  give  the  name  of  a  contra-lode,  or  cannter^  to  those 
**  veins  which  do  not  hold  the  directions  of  their  main  lodes,  and  that,  therefore, 
''  which  may  be  termed  a  contra-lode  in  one  district  coincides  in  direction  with 
^^  the  true  lodes  of  another/'    Mr,  De  la  Beche,  Report,  p«  S65. 
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The  intersections  of  the  lodes  follow  no  general 
rule/  They  sometimes  unite  and  form  one  single 
hde^  as  at  Great  Wheal  Fortune,  Bitmer  Dawns, 
Dolcoath,  Ting  Tang,  &c. ;  in  which  mines  it  is 
somewhat  remarkable  that  they  Ml  together  and 
unite  as  they  go  westward,  and  bifurcate  and  divide 
as  they  are  pursued  in  the  opposite  direction.  In 
some  cases,  as  at  East  Wheal  Crofty,  both  lades  at 
the  point  of  intersection  split  into  poor  and  small 
quartzose  strings;  whilst  in  others,  one  simply 
crosses  the  other,  and  occasionally  one  or  the  other 
is  heaved. 

THB  CROSS-COURSES,  FLUCANS,  TRAWNS,  OR  GUIDB8. 

Those  veins  which,  with  rare  exceptions,  yield 
neither  tin  nor  copper  ores,  are  called  Guides  in  the 
Saint  Just  district,*  Trawns  in  that  of  Saint  Ives,' 
and  in  the  other  parts  of  Cornwall  Cross^aurses,^ 
when  chiefly  composed  of  quartz,  and  Flueans^  when 
consisting  of  clay.  Bufr  for  the  sake  of  greater 
simplicity  I  shall  throughout  this  Chapter  apply  to 
all  of  them  the  term  Cross^eins,  which  is  one  free 


1  My  own  Paper,  Proceedings  of  the  Geological  Society,  i.  (18S2),ii.  405. 

3  Mr.  Carne,  Corn.  Geo.  Trans.,  ii.  p.  109,     *  AuU,  p.  19,  note. 

*  Mr.  Pryce,  Mineral.  Comnb.,  p.  94 :  Mr.  Wm.  Phillips,  G^eo.  Trans.,  o.s. 
ii.  p.  134 :  Mr.  Thomas,  Report,  p.  21 :  Mr.  Came,  Cornwall  Geo.  Trans., 
ii.  Ii.  107 :  M.  Foumet,  Etudes,  snr  les  Depots  M^tallif^res,  p.  114 :  Mr,  Burr, 
Mining  Review,  No.  viii.  (May,  18J6),  p.  280 :  My  own  Paper,  Edin.  New 
Phil.  Journal,  xxii.  (1836),  p.  159 :  Mr.  R.  W.  Fox,  Report  of  Royal  Conu 
Polytech.  Soc.,  (1836),  p.  8S :  Mr.  De  la  Beche,  Report,  p.  296. 

0  Mr.  Pryce,  Mineral.  Cornub.,  p.  94 :  Mr.  Wmj  Phillips,  Geo.  Trans.,  o.s, 
ii.  p.  134 :  Mr.  Came,  Cora.  Geo.  Trans.,  ii.  p.  114. 
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from  objection^  and  not  inconsistent  with  either  of 
the  others. 

As  this  class  of  veins  is  rarely  metalliferous  in  the 
vicinity  of  lodes^  and  therefore  in  such  places  holds 
out  but  little  encouragement  to  the  miner,  the  work- 
ings on  cross-veins  are  seldom  extensive.  Indeed, 
were  not  the  lodes  generally  cut  through,  and 
frequently  (heaved)  not  found  in  corresponding 
positions  on  opposite  sides  of  them,  they  would 
probably  have  been  scarcely  at  all  examined. 

The  directions  of  these  cross-^eins,  as  their  pro- 
vincial designation  indicates,  are  transverse  to  those 
of  the  lodes  in  most  cases,  though  the  bearings  of 
different  ones  in  the  same  districts  vary  considerably. 

It  must  not,  however,  be  lost  sight  of  that  there 
are  veins  which,  having  a  similar  direction  to  the 
cross-^eins,  are  often  productive  of  lead  ores.  In 
the  cases  of  Redmoor  and  Wheal  Betsy  this  takes 
place  in  the  immediate  neighbourhood  of  copper 
lodes;  but  it  is  far  more  usual  for  such  veins  to 
become  rich  at  considerable  distances  from  the  hdes, 
when  the  last  are  profitable,  as  at  Wheal  Golden  and 
Penhale. 

The  same  cross-veins  are  occasionally  traced 
through  several  mines.  It  is  the  same  which  divides 
Dolcoath  from  Cooh's-Mtchen,  and  North  Roshear 
from  East  Wheal  Crofty:  Tiddy's  or  PauVs  cross- 
course  is  also  traced  through  The  United  and  Co»- 
solidated  Mines ,  and  thence  to  Poldice:  the  same 
flticans  may  also  be  identified  in  East  Wheal  Damsel 
and  Wheal  Jewel.    In  very  few  cases,  however,  can 

VOL.  V.  N  N 
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they  be  thus  recognized  at  distant  spots :  and  in  not 
a  single  instance  have  I  been  able  to  trace  the  same 
crojfjf-f^ein  into  adjoining  districts.  It  has  indeed 
been  said'  that  the  great  cross-course  which  keaioes 
the  lodes  in  WhealPeeter  72  fathoms  can  be  traced 
southward  to  the  British^  and  northward  to  the 
Bristol  Channel ;  but  the  proof  is  far  from  satisfiBtc- 
tory  :  for^  though  there  are  several  JImcans  in  Wheal 
Damsel^  Wheal  Squire,*  and  Poldor^  which  heace 
the  lodes  towards  the  same  (right)  hand  as  the  great 
cross-course,  neither  of  them  has  been  traced  to  a 
junction  with  it.  Again,  in  the  opposite  direction, 
there  are  few,  if  any,  mining  operations  of  sufficient 
magnitude  to  determine  the  question ;  and  the  only 
considerable  heave  seen  in  any  spot  northward  of 
WJieal  Peever,  and  on  the  same  meridian,  is  in  Cl^ 
Down,  the  western  part  of  Wheal  Towan,  and  this 
is  toward  the  opposite  (left)  hand.^  In  Wheal 
Peever,  on  the  contrary,  though  some  of  the  lodes 
dip  towards  the  north  and  others  to  the  south,  the 
heaves  of  all  of  them  are  invariably  towards  the 
right.  Of  the  identity  of  the  cross-veins  which  thus 
produce  these  dissimilar  heaves  in  distant  spots,  no 
proof  can  be  afforded,  because  their  courses  have 
neither  been  traced  at  the  sur&ce  nor  underground 
continuously  through  the  intervening  tract. 


1  Dr.  Berger^  Geo.  Trans.,  0.8.  i.  p.  165 :  Mr.  WilliamBy  Ibid,  it.  p.  142: 
Mr.  Came,  Com.  Geo.  Trans.,  ii.  p.  108 :  Mr,  Borr,  Mining  Jonmal,  No.  viii. 
(1836),  p.  aS2. 

3  Mr. Thomas, Report, pp.22-52.    8  lbid,p.64.    «  Ibid,p.49;  AnU,p.9S. 

6  In  Siieet  xxxi.  of  the  Ordnance  Geological  Sunrej.  a  eontiniioiis  line 
(indicating  a  cross-vein)  is  drawn  from  Wheal  Peever  to  Cliff  Down;  and  the 
heave  in  the  latter  is  incorrectly  represented  as  being  towards  the  right  hand, 
whereas  it  really  is  to  the  left. 
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The  cross-veins  split  into  branches,  both  horizon- 
tally and  vertically,  much  in  the  same  manner  as  the 
hdes  do ;  as,  for  instance,  at  Wheal  Vor  and  Wheal 
Friendship.  They  also  frequently  dwindle  and  dis- 
appear both  in  length  and  depth  ;^  -as  at  Relistum, 
Godolphin,  and  Wheal  Buller :  and  in  some  cases, 
as  in  PoUhry,  they  appear  at  certain  levels,  but  have 
not  been  discovered  either  above  or  beneath.^ 

Different  cross-vein^  take  very  different  directions, 
even  within  short  distances  of  each  other,  and  must 
therefore  often  fall  in  contact ;  but  as  they  are  sel- 
dom pursued  far,  few  of  their  intersections  have  been 
observed.^  At  PoUadras  Downs  a  flucan  intersects 
a  cross-course,  but  there  is  no  hea/ce. 

The  cross-veins,  like  the  hdes,  are  in  different 
spots  composed  of  very  dissimilar  substances :  their 
principal  ingredients  are,  however,  quartz  and  clay, 
and  the  same  vein  is  called  either  a  cross-course,  or 
^fiucan,  as  one  or  the  other  of  these  predominates  ;^ 
and  in  this  respect  there  is  often  an  entire  change 
within  very  short  distances.  They  may  be  defined 
as  merely  quartzose  varieties  of  the  contiguous 
rocks ;  but  they  differ  from  the  lodes,  not  only  in 
being  seldom  metalliferous,  but  also  in  the  peculiar 
and  generally  crystalline  character  of  the  quartz/ 

1  Mr.  Thomas,  Report,  pp.  35-36.        2  Ibid,  p.  35 ;  mU,  p.  89. 
9  Mr.  Thomas,  Report,  p.  21 :    Mr.  Carne,  Corn,  Geo.  Trans.,  ii.  p.  110. 

4  Mr.  Wm.  Phillips,  Geo,  Trans.,  o.s.  ii.  p.  134 :  Mr.  Thomas,  Report,  p.  24  : 
Mr,  Came,  Cornwall  Geo.  Trans.,  ii.  p.  107 :  My  own  Paper,  Edin.  New  Phil. 
Journal,  xxii.  (1836),  p.  150, 

5  A  character  acknowledged  by  practical  miners  from  time  immemorial.  See 
Mr.  R.  W.  Fox,  Phil.  Mag.  and  Annals,  vi.  (1829),  p.  19;  also,  Report  of  the 
Royal  Corn,  Polytech.  Soc.  (1836),  p.  89. 
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The  other  ingredients  of  which  they  consist  are 
often  very  soft,  or  even  converted  into  clay  from  the 
percolation  of  water :  yet  in  many  places  where  the 
rock  is  slaty  its  schistose  structure  still  remains,  and 
the  arrangements  of  its  laminse  coincides  with  that 
of  the  slate  in  contact  with  it,  in  which  respect  it 
agrees  with  what  has  been  remarked  in  the  lodes. 

As  the  cross-veins  generally  intersect  the  lodes^ 
their  quartzose  portions  afford  almost  the  only  un- 
interrupted natural  channels  for  the  circulation  of 
water  underground  ;^  and  hence  the  rock  is  softer  in 
their  vicinity.  But  this  circulation  can  only  take 
place  in  those  portions  of  them  which  contain  no 
clay,  for  those  flucans  which  contain  it  most  effectu- 
ally act  as  dams ;  on  which  account  mining  leases 
(Setts)  are  often  bounded  by  cross-veins.^  As  the 
directions  of  the  cross-veins  are  transverse  to  those 
of  the  lodes,  and  because  of  the  rocks  in  their  neigh- 
bourhood are  softer,  transverse  drifts  (cross-cuts)  are 
frequently  extended  on  them,  for  the  recovery  of 
lodes  which  have  been  heaved,  as  well  as  for  the 
discovery  of  other  parallel  lodes. 

In  their  characters,  as  composition,  size,  dip,  and 
direction,  there  are  irregularities  somewhat  similar 
to  those  which  have  been  noticed  in  the  lodes,  and 
they  may  be  conveniently  examined  in  the  same 

1  Dr.  Borlase,  Natural  History,  p.  147 :  My  own  Papers,  Phil.  Mag.  and 
Annals,  ix.  (1881),  p,  170 ;  London  and  Edin.  Phil.  Mag.,  i.  (1832),  p.  287; 
Ibid,  iii.  (1883),  p.  417 :  Mr.  R.  W.  Fox,  Report  of  Royal  Cornwall  Polytech. 
Soc.  (1830),  p.  106:  Mr.  De  la  Beche,  Report,  p.  394. 

2  Mr.  Pryce,  Mineral.  Comub.,  pp.  94-100 :  Mr.  Thomas,  Report,  p.  25 : 
Mr.R.  W,Fox,  Phil.  Mag.  and  Annals,  vi.  (1829),  p.  19:  Dr.  Buckland, 
Bridgewater  Treatise,  i.  p,  546. 
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order.    Whilst  the  results  attending  their  intersect- 
ing the  lodes  are  reserved  for  separate  consideration. 

I. — Composition  of  the  cross-^eins,  and  their  relations 

to  the  containing  rocks. 

1.  The  relations  between  the  cross^veins  and  the 
containing  rocks  may,  as  in  the  corresponding  case 
of  the  lodes,  be  considered  in  respect  of  their  struc- 
ture and  composition. 

(a.)  Structure  of  the  cross-veins,  and  its  relation  to 
that  of  the  rocks. — It  has  been  remarked^  that  the 
lodes  are  to  some  extent  traversed  longitudinally  by 
joints  similar  in  all  respects  to  those  of  the  rocks. 
These  joints,  when  taken  in  short  lengths,  seem  to 
divide  the  whole  substance  of  the  lode  into  a  great 
number  of  small  parallel  veins ;  but,  when  a  large 
surface  is  exposed,  the  irregularity,  both  in  the  dip 
and  the  direction  of  the  joints,  occasions  their  fre- 
quent intersection,  of  which  PI.  XL,  Fig.  6,  will 
give  an  imaginary,  but  sufficient,  illustration.  It 
has  also  been  stated,  in  the  preceding  Chapter,  that 
the  joints  of  the  lodes,  which  resemble  in  every 
particular  those  of  the  contiguous  rocks,  are  most 
numerous  in  the  more  quartzose  portions.*  On 
referring  to  Table  xcix.  it  will  be  seen,  that  of  213 
joints  there  arranged,  117  bear  between  north  and 
north-west ;  and,  if  we  anticipate  a  little,  we  shall 
find,  in  Table  cvi.,  that  of  163  cross-veins  there 
tabulated,  the  directions  of  1 18  are  comprized  within 
the  same  limits. 

1  Ante,^.  180.  2  ibid,  p.  179. 
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Where  therefore  we  have  so  striking  a  concur- 
rence of  circumstances  as  a  greats  and  in  places 
even  the  exclusive,  prevalence  of  quartz^  in  the 
composition,  and  such  a  coincidence  between  the 
directions  of  the  greater  number  of  the  joints  and 
those  of  the  cros&'Veins,  we  appear  to  have  condi- 
tions the  most  favourable  to  the  abundant  develope- 
ment  of  joints  in  the  crass-^ns.  Accordingly  one 
of  the  most  remarkable  features  in  their  structure 
b  the  prevalence  of  joints  ;^  varying,  however,  in 
direction  and  dip,  but  preserving  certain  limits ;  so 
that,  whilst  they  intersect  each  other,  their  curvsr 
tures  seem  projected  on  the  same  lines,  which  are  in 
&ct  the  directions  of  the  crass-veifu.  To  this  great 
abundance  of  their  joints  is  clearly  owing  that  the 
cross-veins  have  generally  more  distinctly  marked 
fvaUs  or  boundaries  than  the  lodes  ;  for  where  joints 
are  so  plentiful  it  is  not  very  remarkable  that  some 
of  them  should  be  found  to  coincide  with  the  lines 
which,  on  either  side,  occur  where  a  difference  of 
mineral  structure  commences.  This  veined  struc- 
ture is  so  prevalent  in  the  vicinity  of  the  cross-veins 
that  the  rock  on  both  sides  often,  for  several  fathoms, 
consists  as  it  were  of  alternate  veins  of  quartz  and 
of  the  contiguous  stratum,  which  equally  cut  off 
each  other  in  their  horizontal  and  vertical  progress ; 

1  Mr.  Wm.  PhiUips,  Geo.  Trans.,  0.8.  ii.  pp.  134-148-150 :  Mr.  Thomas, 
Report,  p.  24 :  Mr.  Came,  Com.  Geo.  Trans.,  ii.  p.  107 :  Dr.  Boaae,  Primary 
Geology,  p.  184,  note :  M.  Foaraet,  Etodes,  sar  les  Depots  M^tallif^res,  p.  114 : 
Mr.  Barr,  Mining  Review,  No.  viii.  p.  230 :  Mr.  R.  W.  Fox,  Report  of  Royal 
Com.  Polytech.  Soc.  (1836),  pp.  83-88. 

2  Mr.  Came,  Corn.  Geo.  Trans.,  ii.  p.  107 :  Mr.  R.  W.  Fox,  Report  of  Royal 
Com.  Polytech.  Soc.  (183C),  p.  89 :  Mr.  De  la  Beche,  Report,  p.  321. 
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as,  for  example,  in  the  great  cross^ourse  at  Wheal 
Peeverj  the  eastern  cross-course  at  Wheal  Friend- 
ship, &c.  These  veined  portions  of  the  adjacent 
rocks  are,  commonly  enough,  much  decomposed  or 
softened  by  the  water  which  percolates  through  the 
cross-veins ;  although,  when  of  schistose  structure^ 
their  laminar  arrangement  is  still  preserved. 

Equally  conspicuous  with  the  jointed  structure  is 
another,  even  more  characteristic  of  cross-veins,  but 
which  is  confined  to  their  quartzose  portions  alone^ 
and  to  a  kind  of  irregular  crystalline  arrangement  of 
the  quartz  the  axes  of  the  crystals  being  disposed 
across  the  vein.^  This  crystallization  seldom  or 
never  presents  a  symmetrical  form,  but  the  whole 
consists  of  a  congeries  of  small  crystallized  masses 
bounded  by  faces,  which  are  disposed  at  right  angles 
to  the  direction  of  the  vein :  they  intersect  in  almost 
every  imaginable  manner,  the  vein  being  at  the  same 
time  longitudinally  traversed  and  marked  by  the 
prevailing  jointed  structure  already  mentioned. 

The  cross^eins  have  also  two  other  series  of 
joints ;  one  crossing  them  nearly  at  right  angles,  the 
other  diagonally.  This  is  so  strongly  marked  that 
when  the  veins  bear  N.  and  S.  the  oblique  joints  run 
S.E,  and  N.W. ;  and,  on  the  contrary,  when  the 
cross-veins  have  the  latter  direction  the  former  is 
often  that  of  the  diagonal  joints.  The  best  dis- 
played cross-vein  in  Cornwall  is  that  which  has  been 

1  Mr.  R,  W.  Fox,  Phil.  Trans.  (18g0),  p.  406;  Report  of  Royal  Polytech. 
Soc.  (1830),  p.  89 :  Mr.  De  la  Beche,  Report,  p.  340 :  Professor  Phillips, 
Cabinet  Cyclo.  (No.  cxi.).  Geology,  ii.  p.  132.  I  have  seen  some  fine  examples 
of  this  structure  at  Saint  John,  New  Brunswick. 
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extensively  quarried  near  Hayle  Foundry,  where 
every  variety  of  jointed  and  other  internal  structure 
is  exposed  to  the  day :  on  the  eastern  side  of  Perran 
Forth  a  vertical  section  of  a  very  similar  one  may 
also  be  conveniently  examined. 

In  a  few  cases,  as  at  Pembroke,  and  Wheal  Col- 
madyi  in  the  clayey  parts  of  the  cross-imns  are 
small  globular  masses^  which  consist  of  a  nucleus  of 
quartz  surrounded  by  quartzose  slate,  and  are  pro- 
bably mere  concretions  in  the  slaty  mass,  harder  in 
texture  from  their  siliceous  composition,  and  de- 
veloped by  the  disintegration  of  the  rock  of  which 
they  had  originally  formed  a  part.  This  structure 
has  been  already  mentioned  as  prevailing  in  the 
granite'  and  elvan,^  and  also  in  some  lodes J^ 

In  the  granite  tracts  many  of  the  cross-^ns 
consist  almost  entirely  of  granitic  matter :  this  is 
commonly  in  a  state  of  disintegration,  and  often 
contains  much  more  felspar,  and  occasionally  more 
mica  also,  than  the  contiguous  rocks.  A  larger 
portion  of  the  felspar  is  usually  distinctly  crystal- 
lized, and,  in  many  cases  too,  there  seems  something 
like  an  approach  to  uniformity  in  the  positions  of 
the  crystals ;  as  at  Wheal  Union,  Saint  Ives  Consols, 
Wheal  Trewavas,  Cairn  Brea  Mines,  &c. :  a  cir- 
cumstance which  has  already  been  noticed  in  the 
granitic  series.^ 

1  Near  Bridestow,  DeTon. 

2  Similar  spheroidal  concretions  are  plentiful  in  the  eross-vHna  of  the  Knock- 
maJwn  MineSf  near  Waterford. 

s  Ante,  p.  147.        «  Ibid,  p.  163.        5  Ilt>id,  p.  183.        o  Ibid,  p.  145. 
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(b.)  Relations  between  the  mineral  composition  of 
the  cross-veins  and  the  containing  rocks.  1  •  Junctions 
between  the  cross-veins  and  the  rocks. — ^The  crystal* 
lized  portions  of  all  veins,  whether  hdes  or  crosS'- 
veins,  are  generally  homogeneous  in  composition^ 
and  seldom  contain  foreign  substances  in  abundance: 
and  the  crystalline  character,  which  prevails  to  so 
great  an  extent  as  we  have  just  seen  in  the  quartz 
contained  in  cross-veins,  seems  therefore  peculiarly 
inimical  to  the  mixture  of  the  earthy  constituents 
of  the  adjacent  rocks  with  it.  Thus,  the  crystal- 
line portions  of  the  cross-veins  have  usually  a 
distinct  and  separate  arrangement,  and  present  but 
few  traces  of  union  with  and  resemblance  to  the 
contiguous  strata. 

But  in  a  large  number  of  cross-veins  this  crystalline 
character  is  very  subordinate,  and  in  these  the  quartz 
is  mixed  and  incorporated  with  the  substance  of  the 
containing  rock  in  the  same  manner  as  in  the  lodes? 
Between  these  veins  and  the  rocks  they  traverse  there 
is  a  transition  in  every  respect  similar  to  that  which 
has  been  already  described^  as  taking  place  in  the 
case  of  the  lodes  under  like  circumstances;  as  in 
the  eastern  cross-course  at  Wheal  Vor,  and  Tiddtfs 
cross-course  in  The  United  and  Consolidated  Mines. 

In  some  cases  this  resemblance  becomes  perfect 
and  absolute  identity :  for  example,  at  Wheal  Messer 
cross-course  in  North  Downs  the  clay  passes  into 
the  slate-rock  by  shades,  so  imperceptible  that  the 

1  Ante,  p.  185.  3  Ibid,  p.  184. 
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\am\nfe  are  not  obliterated  in  the  clay,  and  in  posi- 
tion they  perfectly  coincide  with  those  in  the  slate : 
similar  facts  occur  in  the  ftucans  at  Duffield,  in  the 
Privateer  flucan  at  Herland,  and  in  many  other 
places. 

At  Wheal  Trumpet^  and  in  numerous  other  lo- 
calities, there  is  also  the  closest  resemblance  between 
the  granite  of  the  cross-^^ns,  and  of  the  contiguoos 
Cauntrff. 

But,  whether  the  containing  rock  be  granite, 
slate,  or  elvan^  there  are  in  all  the  quartzose  parts 
of  the  cros^-veins  many  small  strings  of  quarts 
which  include  between  them  horse*  of  the  Country:^ 
and  these  enclosed  portions  of  rock  are  in  like  man- 
ner traversed  in  all  directions  by  minute  veins 
striking  from  one  to  the  other  of  the  larger  ones, 
and  making  the  whole  of  the  included  mass  a  net- 
work of  quartzy  veins.  When  the  horee  thus  sur- 
rounded and  traversed  by  veins  consists  of  slate, 
the  laminae  in  it  have  a  perfect  coincidence  with 
those  which  divide  the  contiguous  rock;  as  in 
Tiddy*9  cros&^ourse  in  The  United  Mines,  the  great 
cross-course  in  Wheal  Friendship,  &c. 

(6.)  2.  The  composition  of  cross-veins  in  d^erent 
rocks. — From  the  introductory  remarks  of  the  pre- 
sent Chapter  it  will  be  understood  that  some  parts 
of  the  cross-veins  consist  of  common,  and  others  of 
crystalline,  quartz; — that  the  quartz  is  sometimes 
mixed  with  the  matter  of  the  adjacent  rocks,  and  that 
occasionally  the  latter  entirely  replaces  the  former. 

1  AntCy  p.  176. 
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It  now  remains  to  be  shewn  that  the  passage  of  the 
vein  from  one  kind  of  rock  to  another  is  attended  by 
a  corresponding  change  in  its  mineral  composition. 

The  cross-veins  seem  to  be  rather  less  numerous 
in  granite  than  they  are  in  slate ;  and^  though  often 
quartzose^  and  the  quartz  frequently  crystalline  (as 
at  Wheal  Mary,  Wheal  Ann,  Cook's-kitchen,  &c.), 
they  more  commonly  consist  of  granite,  which  some- 
times closely  resembles  the  contiguous  Country,  but 
is  generally  more  felspathic,  and  occasionally  con- 
tains more  mica  also.  The  quartzose  portions  are 
likewise  more  minutely  divided  by  planes  of  crystal- 
lization, and  there  is  often  a  thin  coating  of  ochery 
iron  ore  in  the  small  crevicest 

In  elvan  their  composition  is  mostly  that  of  the 
rock,  yet  containing  also  irregular  masses  of  quartz 
throughout ;  but  the  examples  in  which  crystalline 
quartz  occurs  in  the  cross-veins  whilst  traversing  the 
ehan-courses  are  very  rare :  some  cases,  however,  of 
this  kind  occur  at  Wheal  Prudence  and  TreveUas 
Downs} 

In  slate  a  crystalline  structure  of  the  quartz  in 
the  cross-veins  is  more  usual ;  but  perhaps  an  equal 
number  consists  of  quartzose  slate  and  of  slaty  clay* 

The  most  instructive  instances,  however,  which 
prove  undoubtedly  that  the  same  intimate  relations 
which  subsist  between  the  lodes  and  the  rocks  they 
traverse  occur  also  between  the  cross-veins  and  the 
containing  strata,  are  found  when  the  same  vein  can 

be  traced  in  its  passage  from  one  rock  into  another. 

II       .     ■  I  ■■■      .  i         .  .1.      ■  ■ 

1  Ante,  p.  107. 
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The  eastern  eroes-ewrse  at  Tinerqft  is  a  remarkable 
one  of  this  kind ;  as  in  shite  it  consists  of  shte  and 
quartz,  in  eham  of  ehan  and  quartz,  and  in  granite 
of  disintegrated  granite  enclosing  quartz  in  irr^nhur 
masses.  Wheal  BeaMchamp  eastern  and  western 
flueane  present  similar  phenomena;  and  like  fiu^ 
occur  in  Wheal  Trannack,  Dolcoath,  Ting  Tang, 
Wheal  VirginC  Consolidated  Minee),Cardrew  Downs, 
Wheal  Devonshire,  Wheal  Prudence,  Polgooth,  and 
in  many  other  mines. 

Again,  the  same  cross-^n,  in  traversing  rocks  of 
the  same  class,  frequently  varies  in  the  mode  in  which 
its  constituents  are  aggregated :  and  though  these 
alter  in  their  relative  proportions,  no  new  ingredients 
appear.  From  quartzose  it  becomes  clayey  ;^  or,  in 
mining  language,  from  a  cross^ourse  it  changes  to  s 
fluean.  An  alteration  of  this  kind  takes  place  withio 
a  very  few  fathoms  in  the  eastern  cross-course  at 
Duffield,  in  the  fiucan  at  PoUadras  Downs,  in  the 
little  Jlucan  at  Cardrew  Downs,  in  the  cross-course  at 
Wheal  Prudence,  in  the  cross-course  stFowey  Conscls, 
and  in  the  lead  lode  at  Redmoor ;  the  instances  in 
which  this  happens  are,  in  fact,  almost  innnmerable, 
and  in  all  of  them  there  is  probably  some  change 
in  the  composition  of  the  contiguous  rock. 

The  same  crossH>ein  in  the  same  locality  ofbsa 
consists  partly  of  quartz  and  partly  of  clay,  wme- 
times  intimately  mixed,  at  others  ajQTecting  separate 
veins;   which,  however,  never  preserve  the  same 

1  My  own  Paper,  Edin.  New  Philosophical  Journal  (1836),  zxiL  p.  158: 
Mr.  R.  W.  Fox,  Report  of  Royal  Cornwall  Polytech.  Soc.  (1836),  p.  88. 
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relative  situations  for  any  great  extent  either  in 
length  or  depth.^ 

Frequently,  though  not  universally,  where  the 
cross-vein  consists  wholly  of  soft  and  friahle  materials 
it  is  traversed  by  numerous  curved  and  irregular 
joints,  which  are  sometimes  filled  with  unctuous 
clay.  These  intersect  each  other  in  all  directions, 
and  thus  divide  the  substance  of  the  vein  into  very 
oddly-shaped  masses,  which  are  often  marked  on  all 
sides  with  irregular  striae,  and  are  frequently  highly 
polished.  Many  examples  of  a  similar  structure 
<m  a  small  scale  have  been  ialready  described  as 
occurring  in  the  hdes^ 

(&)  3.  The  distribution  qf  metallic  substances 
through  the  cross-veins. — The  metallic  ores  some- 
times found  in  the  cross-veins  are  dispersed  through 
the  quartzose  and  other  earthy  minerals  much  in  the 
same  manner  as  they  are  in  the  lodes.  Of  these  the 
ores  of  iron  and  lead  are  the  chief;  and  indeed  the 
cross-veins  yield  by  far  the  largest  portions  of  them 
which  are  produced  in  Cornwall. 

Perhaps  more  iron  ore  is  afforded  by  the  cross- 
vein  at  RestormeP  than  by  any  other  in  the  County : 
hematite,  specular,  and  hydrous  oxide  of  iron  are 
the  most  common  ores  in  it,  but  the  oxide  of 
manganese,  opal,  jaspar,  and  chalcedony  have  also 
been  plentiful,  a|[id  other  minerals  have  been  occa- 
sionally found.     In  Saint  Just  most  of  the  cross- 

1  Mr.  Came,  Cornwall  Geo.  Trans.,  ii.  p.  107. 
2  Ante,  p.  182.  3  Ibid,  p.  128. 
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veins  (guided)  are  very  ferruginous,  but  not  suffi- 
ciently so  to  offer  any  inducement  to  the  miner.  At 
Ladock,  Roche,  and  other  parts  of  the  County,  iron 
ores  have  recently  been  obtained  in  considerable 
abundance. 

The  croee-^ns  which  have  been  richest  in  lead 
ores  are  those  of  Wheal  Golden,^  Penhale,  Redmoar, 
and  Wheal  Betsy:  but  small  quantities  have  also 
been  extracted  from  some  others :  for  example,  at 
West  Pink.  There  is  little  to  particularize  in  these, 
except  that  no  lodes  have  been  worked  in  the  im- 
mediate vicinity  of  Wheal  Golden,  Penhale,  and 
Wheal  Betsy  ;  whilst  at  Redmoor  and  West  Pink  the 
cross-veins  have  yielded  lead  ores  almost  in  contact 
with  lodes  affording  both  tin  and  copper  ores  in 
abundance.  In  Wheal  Budnick,  also,  one  of  the 
cross-veins,  which  is  supposed  to  be  a  southerly  pro- 
longation of  that  in  Wheal  Golden  and  Penhale^ 
yields  a  little  lead  ore  at  its  point  of  contact  with 
the  tin  lode. 

At  East  Wheal  Rose  a  lode  and  cross-^ein  meet 
nearly  at  right-angles,  and  are  almost  equally  pro- 
ductive of  lead  ore  for  many  fathoms  on  either  side 
of  the  point  of  contact :  a  case,  as  far  as  I  know, 
without  a  parallel  in  Cornwall.' 

All  the  galena  in  cross-veins  is  combined  in  varia- 
ble proportions  with  silver,  which  is  probably  in  the 
vitreous  state. 


1  Ant€f  p.  9,  noiU.        %  Mr.  Carne,  Cornwall  Geo.  Trans.,  ii*  p.  112. 

9  With  the  particnlars  of  this  curious  and  unique  example  I  have  been 
favoured  by  Robert  Michell,  Esq.,  of  Truro. 
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At  Herland  one  of  the  cross-veins^  yielded  abun- 
dance of  silver  :^  sometimes  in  the  native  state,  at 

1  ''  Common  galena  generally  contains  a  very  small  proportion  of  silver. 
'^  But  the  proportion  varies  greatly  in  those  Mrbich  may  be  strictly  termed 
^'  ai^entiferons,  and  which  are  worth  smelting  for  the  silver  they  contain. 
'^  11|  ounces  of  silver  to  the  ton  of  ore  is  the  general  average  of  the  lead  of 
<*  the  North  of  England.  That  of  Huel  Pool  in  Cornwall  yielded  60  onnces  ; 
*<  and  that  of  Guarneck  (Carres  ?)  mine  near  Traro  70  ounces.  One  ton  of  the 
*^  ore  of  the  South  Hoo  mine,  adjoining  Beeralstone  in  Devonshire,  lately 
^^  yielded  136  onnces  of  pure  silver/' 

Mr.  Wm.  Phillips,  Mineralogy  (3rd  Edition),  p.  335. 
**  The  proportion  (of  silver)  is  sometimes  exceedingly  minute,  being  not  more 
^  than  1  ounce  or  1|  ounce  per  ton  in  the  metal  raised  in  Derbyshire  add  Shrop- 
**  shire,  while  in  every  ton  of  the  lead  from  Devon  and  Cornwall  there  is  found 
^*  from  20  to  30  ounces  of  silver.    The  produce  of  other  mines  contains  the 
''  more  precious  metal  in  various  proportions  between  these  two  extremes.'' 

Penny  Cych,,  xiii.  p.  371.— Art.  "  Lead." 
'*  The  lead  of  commerce  is  rarely  free  from  traces  of  silver," 

Dr.  Turner,  Elements  qf  Chemistry,  p.  693. 
The  quantities  of  pig  lead  obtained  from  the  mines  of  this  Kingdom  have 
never  been  very  correctly  ascertained. — They  were  stated  to  have  been  in  the 
year  1828,— 

From  Cumberland,  Durham,  and  Northumberland    —    22000  tons 
„     Yorkshire     ——.        —        —        —        —      4700    „ 

J,     Derbyshire   —        —        —        —        —        ——      3000    „ 

f,     Shropshire    —        —        —        — »        —        —      1800    „ 

„     Devon  and  Cornwall  —        —        —        —      2000   „ 

„     Wales  —        —        —        —        —        —    12000    „ 

„     Scotland        —        —        —        —        —        —      1000    „ 

„     Ireland,  Isle  of  Man,  &c.  —        —        —        —        600   „ 

Total        —    47000  tons. 
Mr.  John  Taylor,  Records  qf  Mining,  p.  173 ;  Ency,  Metrop,  (Mixed  Sciences) 
vi.  p,  195. 

In  1835  the  quantity  of  pig  lead  is  reported  to  have  been, — 
From  Cumberland,  Durham,  and  Northumberland      —    19626  tons 
„     Yorkshire     —        —        —        —        —        —      4700     „ 

„     Derbyshire   —        —        —       —       —        —      4000    „ 

„     Shropshire    — »        —        —        —        —        —      3539    „ 

„     Devon  and  Cornwall  —        —        —        —        140    ,, 

„     Wales  —        —        —        —        —        —    10757    „ 

„     Scotland       —        —        —        —        —        —      1300    „ 

„     Ireland,  Isle  of  Man,  &c.  —        —        —        —      2050    „ 

Total        —    46112  tons. 
Mr.  John  Taylor,  Mining  Tteview,  No.  ix.  (1837)  p.  35. 

2  The  Rev.  Malachy  Kitchens,  Phil.  Trans.  (1801)  p.  169 :  Mr.  Wm.  Phil- 
lips, Geo.  Trans,  ii.  o.s.  p.  147 :  Mr.  Came,  Cornwall  Geo,  Trans.,  ii.  p.  113. 
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others  in  that  of  vitreous  silver  ore.  It  was  dis- 
persed through  the  vein  in  much  the  same  manner 
as  the  ores  generally  are  in  the  lodee :  in  the  shal- 
lower parts  gossan  accompanied  it,  and  at  greater 
depths  it  was  mixed  with  arsenical  and  iron  pyrites 
(white  and  yellow  mundic).  The  whole  was  distri- 
buted through  a  white  crystalline  quartz,  the  cavities 
(vughs)  in  which  were  often  lined  with  capillary 
native  silver. 

Native  copper  and  the  capillary  red  oxide  of 
copper  occur  in  Tiddjfs  cross^ourse,  both  in  the 
United  and  Consolidated  Mines  ;  and,  in  the  latter, 
vitreous  and  black  copper  ores  also.  In  neither  can 
any  lode  be  specified  with  which  in  these  respects 
the  cross-course  or  its  metallic  contents  have  any 
obvious  connexion :  though  in  both  mines  there  are 
several  lodes  in  the  immediate  vicinity  of  the  parts 
of  the  cross-course  which  yield  the  ore.  In  Ting 
Tang  a  vein  of  vitreous  copper  ore,  2  feet  in  breadth, 
accompanies  the  western  flucan  for  3|  fathoms, 
throughout  the  whole  distance  which  the  middle 
lode  is  heaved,  and  thus  connects  the  portions  of  the 
lode  which  are  on  opposite  sides  of  the  flucan.  At 
Wheal  Friendship  a  continuous  vein  of  copper 
P3nrites  1\  foot  in  width,  in  similar  manner  unites 
the  parts  of  the  Cannier  lode  on  either  side  of  the 
great  cross-course,  through  the  whole  extent  of  the 
heave,  which  is  4  fathoms.  Copper  pyrites  also 
occurs  in  Chamber^s  flucan  at  Herland? 

1  ''  Cross  courses  are  in  general  onpiodactiye  either  of  tin  or  copper;  bat 
*<  some  rare  instances  have  occurred  in  which  both  these  metals  hxre  been 
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Blende  abounds  both  in  the  western  cross-course 
at  Trevaskus,  and  in  Wheal  Messer  cross-course  at 
North  Downs  ;  in  the  former  it  is  mixed  with  fluor. 

Some  tin  ore  occurs  in  the  cross-course  at  Beam, 
and  in  several  other  places/  but  in  none  of  them  in 
much  abundance. 

The  ores  of  cobalt^  and  antimony^  are  also  said  to 
have  been  met  with  in  a  few  cross-^eins ;  and  most 
of  them^  which  are  very  quartzose^  in  some  part  of 
their  course  contain  large  quantities  of  iron  pyrites ; 
as^  for  example,  in  Wheal  Falmouth,  Wheal  Vor, 
Herland,  &c. 

It  is  a  recognized  fact^  that  the  same  ores  are 
seldom  found  in  the  same  districts  in  veins  at  or 
near  right-angles  with  each  other ;  indeed,  JEast 
Wheal  Rose^  is  the  only  example  of  the  kind  with 
which  I  am  acquainted ;  and,  although  lead  ore  has 
been  found  near  the  tin  lodes  at  West  Pink,  yet  it  is 
almost  as  rare  for  two  series  of  veins  to  be,  within 

'*  found  in  them.  In  Polgootb,  Screed's  lode,  which  is  a  cross  course,  was  rich 
*'  in  tin.  In  Hnel  Music,  two  small  gossan  cross  courses  have  produced  some 
^'  of  the  richest  copper  ore  in  Cornwall.  In  Wheal  Jubilee  also  the  copper 
'^  lode  is  a  cross  course.  It,  however,  frequently  happens  that  cross  courses, 
*^  on  intersecting  rich  copper  or  tin  lodes,  partake  of  their  riches  for  a  short 
**  space.  In  Huel  Peever  the  cross  course  was  rich  in  tin  several  feet  north  of 
"  the  point  at  which  it  intersected  the  tin  lode ;  and  in  Treskirby,  Kinsman's 
^'  cross  course  was  rich  in  copper  for  about  ten  feet  north  of  its  intersection  of 
*'  a  copper  lode,  but  on  the  southern  part  they  were  quite  barren.'' 

Mr.  Carne,  Cornwall  Geo,  Trans,,  ii.  p.  112. 

1  Mr.  Hawkins,  Corn.  Geo.  Trans.,  i.  p.  148 :  Mr.  Carne,  Ibid,  ii.  p.  112. 

8  Mr.  Pryce,  Mineral,  Cornub.,  p.  60 :  Mr.  Wm.  Phillips,  Geo.  Trans.,  o.8. 
ii.  p.  136 :  Mr.  Thomas,  Report,  p.  25 :  Mr.  Came,  Cornwall  Geo.  Trans.,  ii. 
p.  113 :  Mr.  R.  W.  Fox,  Report  Royal  Corn.  Polytech.  Soc,  (1836),  p.  90. 

3  Mr.  Wm.  Phillips,  Geo.  Trans.,  o.s.  ii.  p.  135 :  Mr.  Came,  Cornwall  Geo. 
Trans.,  ii.  p.  113. 

4  My  own  Paper,  Edin.  New  Phil.  Journal,  xxii.  (1836)  p.  169. 

6  Ante,  p.  268. 
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small  limits,  productive  even  of  different  ores.  Thus 
the  cros9^ourse  in  Wheal  Budnick,  though  it  yields 
minute  quantities  of  lead  ore  near  the  tin  lode, 
affords  by  far  the  greatest  part  of  it  in  Wheal 
Golden  and  Penhale,  which  are  more  than  a  mile 
distant :  at  Wheal  Friendship,  also,  the  copper  lode 
is  intersected  by  the  cross-vein  which  has  been  very 
productive  of  lead  ore  in  Wheal  Betsy,  but  its  riches 
have  not  appeared  until  at  a  considerable  distance 
from  the  point  of  intersection.  It  may  be  added,  as 
not  unworthy  of  notice,  that  the  same  lode  may  be 
intersected  by  several  cross-veins,  some  of  which 
yield  abundance  of  lead  ore  at  distant  spots^  whilst 
the  rest  have  been  entirely  unproductive,  so  far 
as  they  have  yet  been  examined;  as  at  Wheal 
Friendship. 

There  are,  however,  exceptions  to  the  rule  just 
laid  down.  In  the  silver  cross-course,  at  Herland, 
the  greatest  quantity  of  ore  was  found  in  the  vicinity 
of  the  lodes,  some  of  which,  indeed,  also  contained 
a  little  silver  ore  at  small  distances  from  the  cross- 
course.  In  like  manner,  at  Wheal  Budnick,  though 
the  cross-vein  yields  but  little  lead  ore  near  the  lode, 
yet  the  tin  ore  in  the  latter,  at  small  distances  from 
the  cross-vein,  is  also  mixed  with  galena. 

On  the  other  hand,  the  cross-veins  at  The  Consoli- 
dated and  United  Mines,  at  Ting  Tang,  Wheal 
Friendship,  and  Chambers's  eastern  flucan  in  Her- 
land, yield  only  copper  and  its  ores,  and  these  merely 
whilst  in  immediate  contiguity  with  the  copper  lodes. 
To  the  occurrence  of  blende  in  Trevaskus  and  North 
Downs,  the  same  remark  applies. 
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Thus  it  seems  that  when  in  the  vicinity  of  lodes 
the  cross-veins  occasionally  contain  ores,  they  are, 
for  the  most  part,  such  only  as  these  lodes  themselves 
afford.  Whilst  in  the  few  examples  where  cross- 
veins  contain  ores  different  from  those  which  cha- 
racterize the  lodes,  the  latter,  near  their  intersections, 
are  impregnated  with  the  ores  which  prevail  in  the 
cross-veins.  Thus,  wherever  any  metallic  minerals 
are  dispersed,  each  vein  contains  traces  of  the  ores 
in  the  neighbouring  veins ;  and,  accordingly,  the 
same  rule  prevails  with  regard  to  their  metallic 
contents,  which  has  already  been  seen  to  hold  good 
of  their  earthy  ingredients ;  viz.,  that  the  composi- 
tion of  the  veins  partakes  of  the  mineral  character 
of  the  rocks  (and  we  may  also  add  of  the  veins) 
which  they  traverse. 

The  cross-vein  at  Seam  yields  tin  ore  whilst  tra- 
versing the  granite;  but  all  the  other  cross-veins 
affording  metallic  minerals  do  so  whilst  intersecting 
either  the  slate  rocks,  or  the  elvanrcourses  which 
range  through  them. 

It  has  been  a  fact  long  known,  and  generally  acted 
on  by  practical  miners,  that  if  a  lode  be  heaved  by  a 
cross-vein,  traces  of  the  mineral  composition  of  the 
lode  will  frequently  occur  in  the  part  of  the  cross- 
vein  interposed  between  the  heaved  portions  of  the 
lode}  In  many  instances  this  affords  a  good  guide 
for  the  pursuit  of  the  lode  on  the  opposite  side  of 
the  cross-vein.    Though  frequent,  it  is  not,  however. 


1  Mr.  Pryce,  Mineral.  Comub.,  p.  99:    Mr.  Came,  Com,  Geo.  Trans.,  ii. 
p.  116 :  Mr.  R.  W.  Fox,  Report  Royal  Com.  Polytech.  Soc.  (1836),  p.  89. 
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a  constant  occurrence;  and  as  the  circulation  of 
water  through  the  quartzose  portions  of  the  cros^- 
reins,  which  are  porous,  softens  the  rock  for  some 
distance  on  either  side  of  thero,  and  renders  it  more 
easily  and  expeditiously  penetrable,  the  cross-cuts^ 
which  are  extended  in  search  of  lodes  are  generally 
excavated  on  the  cross-veins.  But,  beside  their 
quartzose  portions,  the  cross-veins  almost  invariably 
contain  clay  (fiucan),  which  is  usually  arranged  on 
one  side  or  the  other  of  the  quartz,  and  forms  a 
smooth  face.  These  surfaces  of  clay  usually  cover 
and  conceal  those  parts  of  the  lodes  which  are  in 
immediate  contact  with  the  cross-veins;  and,  indeed, 
at  the  points  where  they  touch,  the  mineral  charac- 
ters of  the  lodeSf  often  gradually  assume  some  re- 
semblance to  those  of  the  cross-veins.  It  is  therefore 
evident  that  if  the  cross-cuts  be  driven^  solely  through 
the  cross-veins,  the  miner  will  often  proceed  with- 
out recognizing  the  lodes  through  which  he  has 
passed.  To  obviate  this  risk  of  mistake  it  is  usual 
to  excavate  cross-cuts  partly  on  the  courses  of  the 
cross-veins,  and  partly  through  the  contiguous  rocks, 
which  are  often  softer :  by  which  a  double  advantage 
is  gained  ;  for  the  expense  is  reduced,  and  the  lodes 
intersected  are  necessarily  discovered.^ 

The  appearances  of  the  rocks  which  form  the 
opposite  walls  of  cross-veins  might  here  be  consi- 
dered ;  but,  as  this  would  involve  the  discussion  of 

1  Ante,  p.  6,  note. 
3  Mr,  Pryce,  Mineral.  Comnb.,  p.  98 :  Mr.  Thomaa,  Report^p.  25. 
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the  heaves  of  lodes,  for  the  sake  of  convenience  I 
reserve  it  for  another  part  of  this  Memoir. 

II. — The  size  or  breadth  of  the  cross-veins. 

The  cross-veins  have  commonly  a  characteristic  or 
prevailing  size^  and  their  changes  are  gradual  and 
within  very  narrow  limits.  Their  dimensions  also 
are  in  general  much  more  constant  than  those  of  the 
lodes :  but  to  this  rule  there  are  many  exceptions ; 
for,  in  Wheal  Vor,  the  eastern  cross-course  at  40 
fathoms  is  3  feet  wide ;  at  140  fathoms  it  splits  into 
two  veins,  one  of  which,  at  170  fathoms  deep,  is 
8  feet,  and  the  other  3  fathoms,  wide.  Several  crosS" 
veins  which  appear  at  one  depth  are  not  observed  at 
another,  even  in  the  same  mine.^  Thus,  the  Jlucan 
in  Maraxion  Mines  is  not  visible  at  27  fathoms,  but 
at  37  fathoms  deep  it  is  4  feet  wide ;  at  OodoVpMn 
the  cross-course  is  a  mere  joint  in  the  slate  rock  at 
60  fathoms,  and  at  a  less  depth  there  is  no  trace  of 
it,  whilst,  at  70  fathoms,  it  varies  from  2  to  3  feet  in 
breadth ;  at  Relistian  the  Jlucan  is  found  (though 
nowhere  more  than  4  inches  wide)  at  all  points  be- 
tween 75  and  125  fathoms  deep,  but  then  it  entirely 
disappears.  In  Polladras  Downs  the  Jlucan  heaves 
JSissa,  Pressure  north  and  south,  and  Richards's, 
lodes  at  13, 33, 43,  and  53  fathoms,  where  it  is  about 
2  feet  wide ;  it,  however,  does  not  touch  the  Engine 
lode  at  less  than  73  fathoms,  but  still  deeper  it  heaves 
this  hde  as  well  as  all  the  others,  and  is  from  1  to  8 
feet  in  breadth. 

1  Mr.  Thomas,  Report,  p.  85. 
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Some  cros9^eins  intersect  certain  lodes  at  all 
depths,  but  do  not  extend  to  other  lodes  at  very 
short  distances :  at  Wheal  BuUer  two  flucana  and  a 
cross^ourse  which  cut  through  Davey^s  lode  do  not 
reach  to  the  north  lode  ;  on  the  other  hand,  a  single 
eross^ourse  occurs  at  the  latter  which  does  not  conr 
tinue  to  the  former. 

Few,  if  any,  alterations  in  size  seem  to  attend  the 
passage  of  cross^eins  from  one  kind  of  rock  into 
another. 

From  Table  civ.  it  appears  that  the  crosa^iiem 
which  occur  in  the  granite  are,  on  the  averagCi 
larger  than  those  in  the  slate :  they  are  also  wider 
below  100  fathoms  deep  than  they  are  above.  This 
increased  size  which  prevails  in  them  when  at  greater 
depths  in  the  same  rock,  and  also  at  all  depths  when 
those  in  the  upper  strata  are  compared  with  these  in 
the  inferior  rock,  may  probably  be  dependent  on  the 
same  general  law. 

The  same  Table  gives  the  average  dimensions 
of  the  cross-veins  in  the  various  districts.  It  will 
be  seen  that  they  present  considerable  differences, 
though  the  cause  of  these  discrepances  are  not  very 
obvious. 

III. — The  dip  qf  the  cross-veins 

Is  generally  less  variable  than  that  of  the  lodes; 
still  it  is  so  irregular  that,  as  in  them,  no  straight 
line  can  be  drawn  through  the  vein  itself  to  connect 
distant  parts  at  different  levels. 
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From  Table  cv.  it  appears  that,  in  165  examples^ 
4  dip  N.^  and  2  S.^  whilst  72  incline  towards  points 
E.  of  a  meridian  line,  and  64  to  the  W.  of  it,  and 
there  are  23  of  them  perpendicular ;  whilst  75  of 
them  dip  towards,  and  61  from,  the  granite,  and 
there  are  29  doubtful  cases.  These  particulars  shew 
so  trifling  a  preponderance  on  either  side,  that  no 
inference  can  be  drawn  from  them. 

To  whatever  point  the  cross-veins  may  incline,  the 
amount  of  their  inclination  from  the  horizon  is  on 
the  whole  considerably  greater  than  that  of  the  lodes, 
and,  on  an  average,  is  probably  little,  if  at  all,  less 
than  80^ ;  although  there  are  many  exceptions  to  it, 
as  at  Wheal  Darlington,  Wheal  Falmouth,  &c. 

The  cross-veins,  like  the  lodes,  are  usually  tolerably 
constant  in  the  direction  of  their  underlie,  though  its 
amount  may  differ :  thus,  as  a  general  fact,  those 
which  dip  either  E.  or  W.  seldom,  in  any  part  of 
their  courses,  have  their  inclination  reversed.  But, 
though  this  is  the  prevailing  rule,  there  are  a  few 
exceptions  to  it  in  almost  every  district ;  as,  for  ex- 
ample, in  Wheal  Spearn,  Wheal  Union,  Relistian, 
Stray  Park,  &c. 

It  has  been  already  seen^  that  though  the  compo- 
sition of  the  cross-veins  depends  on  that  of  their 
containing  rocks ;  yet,  coeteris  paribus,  they  present 
in  this  respect  much  greater  uniformity  than  the 
lodes.  The  lodes  alter  their  composition  with  change 
of  dip  and  size :  the  cross-veins,  on  the  contrary, 
seem  to  be  not  at  all  affected  in  their  composition  or 

1  Antey  p.  265. 
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structure  by  a  change  iu  either  inclination  or  bulk 
Neither  does  the  passage  of  cross-veins  from  on( 
kind  of  rock  into  another  seem  to  affect  the  genera 
amount  of  their  dip:  thus,  at  CooVs4citchen  th< 
little  cross-course  passes  from  slate  into  granite ;  ai 
Tincrqfl  the  eastern  cross^course  is  also  seen  in  boti 
of  these  rocks^  and  likewise  in  elvan ;  the  flucans  ii 
Ting  Tang,  Wheal  Unity  Wood,  Cardrew  Dowm 
and  Polgooth,  intersect  slate  and  elvan,  which  rock! 
are  also  traversed  by  cross-courses  at  The  Unitec 
and  Consolidated  Mines,  Wheal  Devonshire,  anc 
Wheal  Prudence,  but  in  none  of  these  instances  dc 
the  cross-veins  alter  their  dip. 

At  Wheal  Vor,  Wheal  Friendship,  and  othei 
places^  the  cross-veins  divide  into  branches,  whicl 
spread  out  and  rival,  or  even  exceed,  in  size  the 
veins  from  which  they  spring,  or  into  which  the] 
converge.  When  they  divide  as  they  descend,  there 
must,  of  course,  be  an  attendant  alteration  in  the  dij 
of  the  one  part  or  the  other :  but,  even  in  this  case 
no  causes,  either  in  the  veins  themselves  or  in  th( 
intersected  rock,  have  been  ascertained  to  concur  h 
producing  these  changes.  Our  ignorance,  indeed,  o 
the  cause  probably  depends  on  the  circumstance  thai 
the  components  of  the  cross-veins  have  attractec 
little  attention,  as  they  are  so  seldom  prolific  ii 
metallic  ores. 

IV. — Directions  qf  the  cross-^eins. 

Table  cvi«  indicates  the  bearings  of  the  various 
cross-veins,  and  from  it  their  mean  directions  in  the 
different  districts  are  here  deduced :  viz. — 
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Saint  Just     —     —     —     —     26^  S.  of  W. 

Saint  Ives    —     _    _    —    38^  N.  of  W. 

Marazion      —    —    —    —     41^  N.  of  W. 

Gwinear,  &c.        _     —     _     43^  W.  of  N. 

Helston        —    —    —    —    21^N.ofW. 

Camborne,  &c.     —     —    —    34^  W.  of  N. 

Redruth,  &c.        _     _    _     35^  N.  of  W. 

Saint  Agnes  _    _    _     390  W.  of  N. 

Saint  Austell        —    —     —     21^  N.  of  W. 

Tavistock,  &c.     —    —    —     43^  N.  of  W. 
The  mean  of  the  whole  being       38^  N.  of  W/ 
On  a  comparison  of  this  result  with  Table  xcix., 
it  will  be  seen  that  this  average  only  differs  a  few 
degrees  from  that  of  one  of  the  best  and  most  dis- 
tinctly developed  series  of  joints  in  the  rocks. 

The  cross-veins  exhibit  in  their  horizontal  bearing 
flexures  and  curvatures  similar  to,  but  in  general  to 
a  smaller  extent  than,  those  which  have  been  already 
noticed  in  the  lodes?  There  are,  however,  a  few 
instances  in  which  the  same  cross-vein  tak«s  widely 
different  directions  in  different  parts  of  its  course 
at  the  same  level,  as  in  SJeues's  flucan  in  Poldory 
(United  Mines),  where  the  difference  amounts  to 
40^.  At  different  levels,  too,  the  bearings  of  the 
same  cross-vein  sometimes  materially  alter,  as  in 
Wheal  Providence,  where  the  amount  of  discord- 

1  Mr.  HatchiDSon,  quoted  by  Dr.  Borlase,  Natural  History,  p.  156 :  Mr. 
Pryce,  Mineral.  Comub.,  p.  98 :  Mr,  Tonkin's  Notes,  published  by  Lord  De 
Dunstanville  in  his  edition  of  Carew's  Survey  of  Cornwall,  p.  36 :  Dr.  Berger, 
Geo.  Trans.,  o.s.  i.  p.  165 :  Mr.  Wm.  Phillips,  Ibid,  ii.  p.  133 :  Mr.  Thomas, 
Report,  p.  21 :  Mr.  Came,  Com.  Geo.  Trans.,  ii.  pp,  85-108-109-114. 

8  Ante,  p.  174. 
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ance  is  nearly  90^.  But  these  are  extreme  examples 
of  the  irregularities  in  their  courses^  and  are  almost 
singular  exceptions  to  the  general  rule.  The  Saint 
Just  district  is  the  only  one  in  which  the  mean 
direction  of  the  cross-veins  is  to  the  east  of  north ; 
whilst  the  average  bearings  in  all  the  other  districts 
are  to  the  west  of  north :  for^  notwithstanding  there 
are  in  some  of  them  a  few  individual  instances  in 
which  they  bear  east  of  the  meridian,  the  prepon- 
derance of  the  directions  west  of  it  is  so  great  that 
the  former  entirely  disappear  in  the  averages.  The 
difference  between  the  mean  direction  of  this  class 
of  veins  in  the  Saint  Just  district^  and  that  of  those 
in  the  Helston  and  Saint  Austell  districts,  which 
approach  the  nearest  to  it,  is  47°  ;  whilst  the  great- 
est discordance  between  those  in  the  other  tracts  is 
no  more  than  35^,  and  this  occurs  between  the 
cross^eins  in  the  Camborne  and  those  in  the  Helston 
and  Saint  Austdl  tracts. 

The  differences  in  their  directions  seem  to  be 
altogether  independent  of  the  nature  of  the  rocks: 
for,  though  greenstone  prevails  in  the  Camborne 
district,  and  clay-slate  forms  the  greater  part  of  that 
of  Saint  Agnes,  the  average  bearings  of  their  cross- 
veins  coincide  within  5^.  Again,  granite  prevails 
throughout  the  Saint  Ives  district,  whilst  near  Mara- 
zion  clay-slate  is  (with  the  exception  of  some  elvanr 
courses)  the  only  rock,  yet  the  difibrence  in  the 
directions  of  their  cross-veins  is  not  more  than  11^. 

1  The  only  difRsrence  besides  tliat  of  direction  which  characterises  the  Saint 
Just  eroU'veuiMf  is  the  much  greater  preralence  of  iron  ores  in  them  tiian  in  the 
others. 
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At  Poldorffy  Wheal  Providence,  and  the  few  other 
localities  in  which  the  same  cross-^eins  undergo  re- 
markable changes  in  their  bearings/  there  are  no 
discoverable  alterations,  either  in  the  characters  of 
the  rocks,  or  in  the  mineral  composition  of  the  veins 
themselves. 


THE    SLIDES 

Are  the  only  class  of  veins  of  which  it  now  remains 
to  speak.  These  are  so  few,  that  their  general  cha- 
racters may  be  exhibited  more  clearly  at  one  view, 
than  under  the  subdivisions  which  have  been  thought 
necessary  for  the  lodes  and  cross-veins. 

MINE.  DIRECTION.  DIP,  SIZE. 

GwaUon   —      —    25*^W.ofN.—  W.  —   4ins. 
Herland  —      —    S.E.  &  N.W.  —  N.E.  —   6„ 
Wheal  Vor        —        E.  &  W.     _    S.    —   9  „ 
Binner  Downs  —     26^  S.  of  W.  —    N.    —    4  „ 
WJieal  Unity  Wood,  25^  S.  of  W.  —    N.  ?  —  12 
Great  St.  George,    36^  S.  of  W.  —  S.E.  —  10 
Wheal  Kayle    —    N.E.  &  S.W.  —  N.W.—   2 
Penwinnick        —    N.E.  &  S.W.  —  S.E.  —   4 
Duffield    —      — .    10^  W.  of  S.  —   W.  —    7 
To  which,  probably,  may  be  added  the  flucan  in 
Polgooth,  which  bears  N.E.&  S.W.,  is  perpendicular, 
and  about  9  inches  wide. 

From  these  particulars  it^ill  be  evident  that 
there  is  no  great  coincidence  in  their  directions,^  or 
dips.    In  the  examples  before  us  four  dip  from  the 

1  Ante,  p.  58,  not€»\        2  Mr.  Carne,  Corn.  Geo.  Trans.,  ii.  p.  110 

QQ2 


282       W.  J.  Henwood,  on  tfie  Metalliferous 

nearest  granitic  mass :  the  dip  of  the  remainder  is 
indeterminate,  hut  neither  of  them  has  a  decided 
inclination  towards  the  granite. 

It  is  not  unworthy  of  notice  that  all  those  hitherto 
observed  occur  in  the  slate  series/  and  intersect  only 
the  schistose  rocks  and  the  elvans,  and  other  veins 
traversing  them ;  whilst  there  is  not  a  single  well 
marked  instance  of  a  slide  in  the  granite,^  or  the 
massive  rocks  of  the  slate  formation,  yet  known  in 
any  part  of  Cornwall. 

None  of  the  slides  are  metalliferous ;  and  their 
whole  substance  consists  of  soft  clay,  similar,  in 
mineral  composition,  to  the  rocks  which  they  tra- 
verse. So  close,  indeed,  is  this  resemblance,  that 
even  the  lamination  of  the  slate  is  often  as  perfect 
in  them  as  in  the  contiguous  rock,  and  its  position 
is  the  same  in  both ;  so  that  the  softness  of  the  slide 
is  frequently  the  only  character  which  distinguishes 
it  from  the  neighbouring  country,  as  at  GwaUon, 
Dvjffield,and  Wheal  Kay le. 

The  breadth  of  slides  is  generally  very  small; 
seldom,  in  fact,  exceeding  one  foot.^ 

Like  those  of  all  other  veins  their  inclinations  are 
irregular  and  subject  to  frequent  changes :  generally, 
however,  they  are  less  inclined  to  the  horizon  than 
any  other  class  of  veins ;  for,  at  Binner  Downs  and 


1  «  The  slides  Mrhich  came  under  notice  in  this  survey,  are  all  formed  of 
**  clay^  and  are  in  killas  ground/'    Mr.  Thomas,  Report,  p«  21. 

A  At  Wheal  Vyvyan  (ante,  p.  73),  certain  granitic  veins  which  traverse  the 
granite  have  the  same  effects  as  aliiea  in  thrmoing  some  of  the  small  metallifer- 
ous strings  by  which  the  granite  of  that  locality  is  intersected. 

<  Mr.  Came,  Cornwall  Geo.  Trans.,  ii.  p.  119. 
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Wheal  Kayle,  the  slides  are  nearly  horizontal ;  but, 
in  other  cases,  as  Wheal  Vor  and  Great  Saint 
George,  they  have  more  inclination.  The  average 
of  their  underlie  may,  perhaps,  not  be  far  from  40® 
or  45®/ 

Though  in  their  directions  they  have  little  uni- 
formity, yet,  in  this  respect,  they  closely  resemble 
the  lodes  in  their  respective  neighbourhoods :  but, 
di£fering  in  their  inclinations,  they  intersect  them 
as  they  descend.  These  results  are,  consequently, 
shown  by  transverse  sections,  whilst  the  horizontal 
intersections  of  lodes  and  cross-veins  are  exhibited 
by  plans. 

This,  however,  is  true,  only  so  long  as  a  perfect 
parallelism  in  direction  prevails  :  for,  if  this  ceases, 
a  plan,  as  in  the  case  of  a  cross-vein,  will  also  be 
requisite  for  its  intelligible  delineation.  The  diffi- 
culty of  determining  whether  the  veins  of  clay, 
which  are  nearly,  but  not  perfectly,  parallel  to  the 
lodes  in  direction,  should  be  classed  as  cross-veins  or 
slides,  has  probably  led  to  the  somewhat  confused 
phraseology  of  practical  miners,  which  often  groups 
them  together,  or  arbitrarily  separates  them.^ 


2 


THE   INTERSECTIONS   OP    VEINS. 

The  different  directions  and  frequent  changes  in 

1  *^  The  dip  or  incliDation  (of  slides)  from  the  horizon  (is)  between  25  and 
"  35  degrees :  they  may  be  considered  as  lodes  of  clay  having  a  great  underlay." 

Mr.  Thomas,  Report,  p.  21. 

2  It  has  been  already  stated  (ante,  p.  159)  that  the  mining  nomenclature  of 
rocks  is  not  rery  precise;  that  of  the  veins,  it  may  here  be  added,  is  not  always 
more  exact,  for  the  terms  Jlucan  and  slide  are  often  employed  synonymously. 

**  Flookans,  called  Slides."    Mr.  Pryob,  Mb^al.  Comub,,  p.  107. 
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the  inclination  of  veins  necessarily  give  rise  to 
numerous  intersections,  both  horizontal  and  vertical, 
alike  occurring  in  their  courses  and  their  dips. 

I. — HORIZONTAL   INTERSECTIONS. 

The  enquiry  respecting  these  may  be  conducted 
in  the  following  order :  viz. — (1)  the  composition  of 
the  intersected  vein ;  (2)  and  also  of  that  intersect- 
ing it ;  (3)  the  nature  of  the  containing  rock ;  (4) 
the  width  of  the  intersected  vein ;  and  (5)  likewise 
of  the  vein  intersecting ;  (6)  the  angles  horizontally 
included  between  the  veins;  (7 )  the  inclinations  of 
the  veins;  (8)  whether  the  heaves  are  of  similar 
extent  at  all  depths ;  and  (9)  whether  the  heave  of 
one  vein  by  another  be  in  the  same  direction,  and  for 
the  same  distance,  at  all  levels ;  (10)  when  one  vein 
is  in  different  parts  of  its  course  intersected  by 
several  others,  whether  all  the  heaves  it  may  thus 
present  are  similar  in  direction  and  extent;  (11) 
when  the  same  vein  traverses  several  others,  whether 
it  heaves  all  of  them  an  equal  distance,  and  in  the 
same  direction ;  (12)  whether  a  vein,  which  inter- 
sects another  in  one  spot,  is  ever,  in  another  place, 
itself  intersected  by  a  vein  similar  to  that  which 
it  had  traversed. 

The  determination  of  the  questions  here  stated 
will  apply  equally  to  (a)  the  intersections  of  lodei 
by  cross-veins  ;  {b)  to  the  intersections  of  cross-veim 
by  lodes ;  and  (c)  to  the  interferences  of  lodes  witli 
each  other. 
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These  divisions  will  include  the  majority  of  cases ; 
but  some  will  still  remain,  whose  obscure  and  ill- 
defined  character  will  not  permit  us  to  refer  them 
with  confidence  to  either  of  them. 

The  result  of  every  intersection  must  be  either  a 
simple  cutting  through  of  one  vein  by  the  other ; 
or,  what  is  called  by  miners  a  heave,  and,  in  the 
language  of  theory,  a  dislocation  or  displacement. 
In  the  former  case  the  portions  of  the  intersected 
vein  occur  exactly  opposite  to  each  other  on  either 
side  of  the  intersecting  vein.  In  the  latter  this  is 
not  the  case,  but  when  the  traversing  vein  is  ap- 
proached along  the  course  of  one  of  the  severed 
parts,  the  other  is  found  by  turning  towards  the 
right  or  left  hand.^  By  this  concise  mode  of  ex- 
pression, rather  than  by  the  points  of  the  compass, 
it  is  usual  to  mark  the  nature  of  the  heave.  I  need 
not  here  re-state  the  meaning  affixed  to  the  terms 
greater  and  smaller  angle,  which  have  been  already 
defined.^ 

A  comparison  of  the  facts  detailed  in  the  pre- 
ceding pages  with  these  conditions  will  indicate 
which,  if  any,  of  them  affect  the  results ;  and,  also, 
inform  us  whether  any  general  rule  founded  on  them 
is  applicable  to  any  class  of  veins,  or  to  any  descrip- 
tion of  rock.  And,  further,  this  enquiry  will  supply 
data  for  determining  whether  the  portions  of  the 
same  lodes  on  opposite  sides  of  cross-veins  possess 
such  a  similarity  of  outline,  or  distance  from,  or 
dependence  on,  any  well  marked  peculiarity,  either 

1  Ante,  p.  6.  9  Ante,  p.  6. 
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of  structure,  size,  or  inclination,  as  will  lead  to  an 
practical  or  certain  conclusions. 

1.  Relationi  between  the  contents  of  inter secte 
veins,  and  the  results  of  their  intersections. — 

(a.)  Intersections  of  lodes,  (fording  different  ore 
hy  cross-veins. — Table  cviii.  exhibits  the  results  ( 
233  intersections,  of  which  50  are  of  lodes  yieldin 
tin  ores  only,  59  of  lodes  in  which  the  ores  of  ti 
and  copper  occur  together,  and  124  of  lodes  afford 
ing  copper  ore  alone.  53  of  these  intersections  ar 
simple  and  unattended  by  heaves  :  of  the  remaindei 
119  are  heaved  towards  the  right  hand,  and  61  to 
wards  the  left ;  150  to  the  greater,  and  30  to  th 
smaller  angle. 

The  relative  proportions  of  the  various  phenomeu 
are  as  follow :  viz. — 

Of  all  the  lodes^  the  proportion  intersected  but 

not  heaved  is 22  *  7  ^  cent. 

Of  the  tin  ^o<2e«.              ,,             „            ....  18*0  „ 

„       lode$  yielding  both  tin  &  copper  ores,  37*2  „ 

„       copper /ocfef,        ,,             „           ...  17*7  „ 

Of  all  the  lodes,  the  proportion  heaved  towards 

the  right  hand  is^ 51  *  1  „ 

Of  the  tin  lode»t              >,             »            ....  56*0  „ 

y,       lode$  yielding  both  tin  &  copper  ores,  44*0  ,, 

„       copper  foc/esy        »>             ,,            ....  52*4  ,, 

Of  all  the  lodes f  the  proportion  heaved  towards 

the  left  hand  is 26*2  ,, 

Of  the  tin  lodes              „             „           26*0  „ 

„       lodes  yielding  both  tin  &  copper  ores  18*6  ,, 

„      copper  lodes        „            „           ....  29*8  ,, 

1  *'  It  is  remarkable  that  all  the  principal  heaves  in  the  district  (fn 
«  Chacewater  to  Camborne)  should  be  to  the  right,  while  those  to  the  2c^  i 
''  but  insignificant  in  comparison  with  them.'^    Mr.  Tbomas,  Report,  p.  28. 

Mr.  Came,  Cornwall  Geo*  Trans.,  ii.  p.  118. 


'  -.3^rMaF»J^'<J»«^M1.->«a.  .• . . 
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Of  all  the  lodes f  the  proportion  heaved  towards 

the  greater  angle  is 63*5  ^  cent. 

Oi  the  tin  lodes,  „  ,,  ..  52*0       „ 

„       lodes  yielding  hoth  tin  and  copper  ores,  . .  56*0       ,, 

,,       copper  hdesy  ,,  „  . .  74*2       ,, 

Of  all  the  lodes,  the  proportion  heaved  towards 

the  smaller  angle  is 12*Q       „ 

Of  the  tin /bde«,  „  „  ..  30*0       ,, 

,,        focfes  yielding  both  tin  and  copper  ores,  •  •       6*8       ,, 

„       copper  lodes,  „  „  ..       8*8       „ 

The  mean  distance  of  the  heaves  of  all  the  lodes  is  16*4  feet. 

„  „  tin  lodes,,..  15*4    „ 

„  „     of /o<fe«  yielding  both  tin 

and  copper  ores  ....  14*6    „ 

„  „    of  copper  lodes 17*5    „ 

The  mean  distance  of  the  right  hand  heaves  is  • . .  18*7    „ 

„  left-hand  „  .  12*0    ,, 

„  heaves  tovfaxd  the  greater  angle,  16*3    „ 

„  „  smaller  angle,  17*1    ,, 

The  more  minute  details  are  supplied  by  Table 
cvii.>  and  the  particulars  of  each  individual  example 
may  be  found  in  Tables  i.-xcviii. 

In  connexion  with  this  subject  it  will  be  desirable 
to  trace  the  same  conditions  occurring  in  the  inter- 
sections of  cross-veins  by  lodes ,  and  of  lodes  by  each 

other. 

(1-6.)  Intersections  of  cross-veins  by  lodes  yielding 

the  ores  of  different  metals. — Twenty-three  intersec- 
tions of  this  kind  have  been  noticed  in  the  course  of 
this  inspection  :  10  of  them  are  unaccompanied  by 
heaves,  7  are  heaved  towards  the  right  hand,  and  6 
towards  the  left ;  and^  of  the  13  heaves,  10  are  to- 
wards the  greater^  and  3  towards  the  smaller  angle. 
Of  the  cross-veins,  5  are  intersected  by  tin  lodes, 
9  by  lodes  which  yield  ores  of  both  tin  and  copper^ 
and  9  by  copper  lodes. 

VOL.  V.  RR 
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The  proportions  of  the  various  results  are  as 
follow : — 

Of  all  the  croii'Vtimi  interaected,  the  proportion 

of  those  not  heaved  is 43*5  ^  cent. 

Of  all  the  crosf-vems  intersected  by  tin  lodes,  »»   . .  60*0  ,, 
,9                  ,t  by  lodes  yielding  both  tin 

&  copper  ores,   ,,  . .  44"4  „  . 

f,                  ,f  by  copper  lodes,    „   ..  33*3  „ 
Of  all  the  cross-veins  intersected,  the  proportion 

heaved  to  the  right  hand  is.   30*4  „ 

Of  all  the  crou'veins  intersected  by  tin  lodes,  ,,   • .  40*0  ,, 
„                  „  by  Wes  yielding  both  tin 

&  copper  ores,    „  •  •  11*1  „ 

f,                   M  by  copper   lodes,   „   . .  44*4  „ 
Of  all  cross-veins  intersected,  the  proportion  heaved 

to  the  left  hand  is 26*1  „ 

Of  all  the  cross-veins  intersected  by  lodes  yielding 

both  tin  and  copper  ores,^              „             „     .  •  44*5  „ 

Of  all  crosf-vetitJ  intersected  by  copper /oc^,  „     ..  22*3  „ 
Of  all  crou-veins  intersected,  the  proportion  heaved 

to  the  greater  angle  is    43*5  „ 

Of  all  croM-vetiu  intersected  by  tin  fo(ies,     „    ••  20*0  „ 
„                  M  hy  lodes  yielding  both  tin 

&  copper  ores,    „     ..  55*6  „ 

M                   „  by  copper  focfe*,     „    ..  44*4  „ 
Of  all  cross-veins  intersected,  the  proportion  heaved 

to  the  smaller  angle  is 13*0  „ 

Of  all  cross-veins  intersected  by  tin  lodes,     „     ..  20*0  „ 

,f                  ,,  by  copper /odc*,^   >,     •  •  22*3  „ 

The  mean  dist.  of  heaves  of  cross-veins  by  lodes  is  8*1  feet. 

„                 „           by  tin  lodes 21  *1  „ 

„  „  by  lodes  yielding  both 

tin  &  copper  ores . .  5*5  „ 

,,                 „           by  copper  focfe* 4*1  „ 

The  average  distance  of  the  right  hand  heaves  is. .  10*7  „ 

„                 9,          left-hand         „         ..  6*1  „ 

„           leaves  toward  the  ^reafer  ait^fe  is  9*0  „ 

„                      „                 smaller  angle ^^  4*2  „ 

1  I  have  seen  no  tin  lode  heave  a  cross'vein  towards  the  2^  httnd^ 

3  No  cross'vein  has  been  seen  heaved  towards  the  smaller  angle  by  a  lode  yield- 
ing both  tin  and  copper  ores. 
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The  particulars  will  be  found  in  Table  ex. ;  but 
the  examples  are  so  few  that  their  average  results 
are  not,  perhaps,  entitled  to  much  consideration. 

(1-c.)  The  intersections  qf  lodes  hy  each  other. — 
Twenty  examples  of  this  class  have  come  under 
review  in  the  course  of  this  enquiry,  of  which  6  are 
simple  intersections,  9  are  heaved  towards  the  right 
hand,  and  5  to  the  left ;  5  are  heaved  towards  the 
larger  and  9  towards  the  smaller  angle. 

The  instances  in  which  lodes  yielding  the  ores  of 
one  metal,  are  intersected  by  those  containing  differ- 
ent ores,  are  comparatively  few,  since  the  rocks  and 
veins,  within  limited  areas,  have  a  certain  degree  of 
uniformity,  and,  consequently,  there  is  some  general 
resemblance  in  the  composition  and  produce  of  lodes 
in  the  same  mine. 

Of  the  6  hdes  intersected  by  others,  but  suffering 
no  displacement,  2  are  tin  lodes  intersected  by  other 
tin  lodes ;  4  are  copper  lodes  intersected  by  other 
copper  lodes :  of  the  9  lodes  which  are  heaved  to- 
wards the  right  hand,  4  are  tin  lodes  heaved  by  other 
tin  lodes  ;  5  are  copper  lodes  heaved  by  other  copper 
lodes  :  of  the  5  lodes  which  are  heaved  towards  the 
left  hand,  1  is  a  tin  lode  heaved  by  another  tin  lode  ; 
4  are  of  copper  lodes  heaved  by  other  copper  lodes  : 
of  the  5  lodes  which  are  heaved  towards  the  larger 
angle,  1  is  a  tin  lode  heaved  by  another  tin  lode ; 

4  are  copper  lodes  heaved  by  other  copper  hdes :  of 
the  9  lodes  which  are  heaved  towards  the  smaller 
angle,  4  are  tin  lodes  heaved  by  other  tin  lodes ; 

5  are  copper  lodes  heaved  by  other  copper  lodes. 

rr2 
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No  example  of  the  intersection  of  lodes  yieldin 
the  ores  of  different  metals  has  occurred  to  m 
notice. 


The  mean  dist.  of  t 

^be  heaves  of  lode$  by  other  lodes  is 

29'8fe€ 

f* 

tin  lodes             „     •• 

39-0   „ 

ty 

copper  lodes       »,     . . 

260    „ 

•»» 

to  the  right  hand     • . 

31-7    „ 

99 

,»      left  hand 

270    „ 

99 

f,     greater  angle.. 

25-01  „ 

99 

„     smaller  angle . . 

11-0    „ 

I  can  assign  no  specific  differences  between  tb 
ingredients  of  the  intersected  lodes,  and  of  those  b 
which  they  are  traversed. 

2.  Relations  between  the  composition  of  the  tn 
versing  veins,  and  the  results  of  their  intersections.- 

(a.)  Intersections  of  lodes  affording  different  ore 
by  cross-veins  of  different  compositions. — It  has  bee 
already  remarked,  that  as  throughout  tracts  of  sma 
extent  the  composition  of  the  rocks  is  usilally,  i 
some  measure,  uniform,  so  the  lodes,  within  any  sue 
given  tracts,  are  nearly  the  same  in  their  character 
This  general  fact  may  be  applied  with  even  moi 
certainty  to  the  cross-veins,  whose  characters  ai 
still  more  uniform :  for  they  consist,  as  we  have  see 
for  the  most  part,  of  quartz  and  clayey  portions  < 
the  contiguous  rocks ; — and,  with  the  exception  < 
lead  ores,  and  these  not  abundant,  the  metallic  ma 
ters  which  they  contain  are  in  small  quantities,  ai 
dispersed  through  very  limited  portions  of  them. 


1  A  heave  of  144  feet  at  Wheal  BeUon,  and  another  of  100  feet  at  DoUoa 
are  omitted :  their  insertion  would  have  raised  this  average  to  04  feet  insti 
of  25. 
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Of  the  233  intersections  before  particularized, 
125  are  by  clayey  cross-veins  (flucans)^  and  108  by 
quartzose  ones  (cross-courses),  being  53  •  7  per  cent, 
by  the  former,  and  46*3  by  the  latter. 

(rt-l.)  Of  the  125  intersections  by  Jlucans — 

Those  unaccompanied  by  heaves  are 22  or  17*6  ^  cent. 

„     heaved  towards  the  right  hand 69  ,,  55*2       ,, 

„                     y,              left  hand 34  ,,  27*2       „ 

„                     „              greater  angle  ....  88  „  70*4       „ 

»,                     ,,              smaller  angle  ....  15  »,  12*0       ., 

Of  the  103  lodes  heaved  by  Jlucans — 

The  tin  lodes  are 25  „  24*2       „ 

„   /o(fe«  yielding  both  tin  and  copper  ores. .  6  „    5*8       ,, 

„  copper  lodes   72  „  70  •  0       „ 

Whilst  of  the  22  lodes  which  are  intersected 

hy  Jlucans,  without  being  heaved — 

The  tin  hdes  are   3  ,,  13*6 

„   /odes  yielding  both  tin  and  copper  ores . .  13  ,,  59*1 

„  copper  hdes 6  „  27  •  3 

Of  the  28  tin  hdes  which  are  intersected  by 
flucans — 

Those  which  are  heaved  are 25  „  89  *  3       „ 

„               notheaved 3  „  10*7       „ 

Of  the  19  lodes  affording  both  tin  and  copper 
ores,  and  intersected  hy  Jlucans — 

Those  which  are  heaved  are 6  „  31  '6       „ 

„               noi  heaved 13  ,,68*4       „ 

Of  the  78  copper  lodes  which  are  intersected 
hy  Jlucans — 

Those  which  are  heaved  are 72  ,,  92  *  3       ,, 

„              not  heaved 6  „    7*7       „ 

The  mean  distance  of  all  the  heaves  by  Jlucans  is. . . .  21  -5  feet. 

9t  of  the  heaves  of  tin  hdes 19*3  ,, 

ff  „  lodes  yielding  both 

tin  &  copper  ores  16*5  „ 

,9                          yf             copper /odfes   ....  22*7  ,, 

The  aver.  dist.  of  heaves  by  flucans  to  the  right  hand  is  24*4  „ 

»                     99                     9,      left  hand  ..  L5*3  ,, 

„                     9>                     „     greater  angh  21*7  „ 

99                     9>                     99     smaller  angh  20*2  „ 


»» 
»» 

»> 
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(a-2. )      Of   the  108  iotersections  by  crou-courses   (  quartzose 
cross-veins) — 

Those  unaccompanied  by  heaves  are 31  or  28  *  7  ^  cent. 

„    heaved  towards  the  right  hand 48  ,,  44*4       ,, 

iefthand 29  ,,26*9       „ 

„  ,9  greater  angle  ••••     64  ,,59*3       „ 

„  „  smaller  angle  ....     13  ,,12*0       „ 

Of  the  77  lodes  heaved  by  crou-courses — 

The  tin  2o<ie<  are    15  „  19*5       „ 

„  2tHfet  yielding  both  tin  and  copper  ores  •  •     32  ,,41*5      „ 

„   copper  ^ociet   30  „  39*0       „ 

Of  the  31  lodes  which  are  intersected  by 
crosS'CourseSf  without  being  heaved — 

The  tin  Zocief  are 7  ,,22*6       „ 

„   lodes  yielding  both  tin  and  copper  ores . .       9  „  29*0       ,, 

„  copper  lodes    15  „  48 *4       „ 

Twenty-two  tin  lodes  are  intersected  by  cross- 
courses,  and  of  them — 

Those  which  are  heaved  are 15  „  68  *2       „ 

„  not  heaved 7  ,,31*8       „ 

Forty-one  lodes,  in  which  tin  and  copper  ores 
are  mixed,  are  intersected  by  cross-courses, 
and  of  them — 

Those  which  are  heaved  arc 32  „  78 *0       „ 

„  not  heaved 9,,  22*0       „ 

Forty-fiye  copper  lodes  are  intersected  by 
cross-courses,  of  which — 

Those  which  are  heaved  are • 30  „  66  *  7       „ 

,,  not  heaved 15  „  33*3       „ 

The  average  dist.  of  all  the  heaves  by  cross-courses  is     10*5  feet 

of  the  heaves  of  tin  lodes    12*6 

of  the  lodes  yielding  both 

tin  and  copper  ores   ..      14*1    , 

of  copper  lodes 6*1    , 

The  mean  dist.  of  heaves  by  cross-courses  to  right  hand  is     12*3, 

„  „      Iefthand  ..        7*1    , 

„  „  ,»      greaterangk       9*3    ,, 

„  „  „      smaller  angle     16*3    , 

It  is  a  remarkable  but  well-known  fact^  tbat  tb 
extent  of  the  Jieaves  by  fiwcans  is  much  greater  thai 


„  VI       t.M«S    f»OM(/CO    VI       bill     (V«4r«/«  ••••••••  M,m      V         „ 
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of  those  by  cross-courses.  It  is  also  not  unworthy 
of  notice^  that  the  flucans  heave  the  copper  lodes 
further  than  they  do  the  other  lodes,  whilst  the  cross- 
courses  heave  them  much  less.  The  right-hand  are 
larger  than  the  left-hand  heaves,  both  hy  flucans  and 
cross-courses :  but,  with  the  former,  the  heaves  to- 
wards the  larger  angle  are  greater  than  those  towards 
the  smaller  angle ;  whilst,  with  the  latter,  the  heaves 
to  the  smaller  are  of  much  greater  extent  than  those 
to  the  larger  angle. 

(2-fi.)  Intersections  of  cross-^eins  of  different  comr 
positions,  hy  lodes  yielding  the  ores  of  different 
metals. — 

It  has  been  already  stated^  that  in  the  course  of 
this  enquiry  23  cross-veins  have  been  seen  heaved  by 
lodes  of  different  kinds  :  of  .these,  12,  or  52*2  per 
cent.,  are  clayey  veins  (flucans J,  and  11,  or  47*8  per 
cent.,  quartzose  (cross-courses J. 

(6-1.)  Of  the  cases  in  which  Jlucans  are  intersected — 

Those  unaccompanied  by  heaves  are 6  or  50*0  ^  cent. 

y,    heaved  towards  the  right  hand 3  ,,  25*0       „ 

9f                     ,y             left  hand 3  ,,25*0       „ 

>»                     „            greater  angle    5  ,,41*7       „ 

»9                     ,,             smaller  angle 1  „    8*3       „ 

Of  the  6  Jlucans  intersected  but  not  heaved 
by  lodes — 

There  is  intersected  by  a  tin  lode    1  „  16*6       „ 

There  are         „  lodes  yielding  both  tin 

and  copper  ores. .  •  •  2  „  33*4       „ 

„             copper  lodes 3  ,,  50*0       „ 

Of  the  6  Jlucans  which  are  heaved  by  lodes — 

Those  by  lodes  affording  tin  &  copper  ores  are  3  ,»  50*0       „ 

„       copper  lodes    3  „  50*0       „ 

I  have  seen  no  flucan  heaved  by  a  tin  lode, 

1  Ante,  p.  287. 
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Tbc  «*«ra^  di*b»ce  of  ktat*t  of 

loUi 


tw/a,  of  which  those  anattended  by 
keawd  to  the 

..       ffrt 

Of  (he  4  erMi-cmmet  which  are  ii 

but  not  heaved — 

There  see  intersected  by  tin  UnUt  . . 

,,  Wnyieldii 

and  copp 

hare  seen  no  simple  iotersectioD  of 

Seven    crosf-omrfei   are   heaved    b 

heaved  by  tin  Met 

„        ladet  yielding  tin  &  cop 

„       copper  lodet 

Tlie  mean  diat,  <^  all  the  heavet  of  en 


The  arenige  distance  of  heavet  of  c 


■  I  MDit  the  htmt  of  60  het  at  Wat  Pi 
iliit*nee  would  hare  been  14-6  feet;  tb 
lodt;  Mtd  of  rigU'liaad  Meaea,  24  -  3  feet  j 
anglr,  IS -8  feet. 

•  A  dagle  inataiKe  at  Deteealk. 
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It  will  be  observed^  that  whilst  the  mean  distance 
of  the  heaves  of  lodes  hy  jftucans  is  considerably 
greater  than  of  those  by  cross-courses,  the  heaves  of 
flucans  by  lodes  are  also  greater  than  those  of  the 
cross-courses ;— a  fatt  which  will  be  more  fully  de- 
veloped in  another  part  of  this  investigation. 

(c.)  The  intersections  of  lodes  qf  different  com* 
positions  have  been  already  discussed.^ 

(jd.)  Intersections  qf  cross-veins  qf  different  com- 
positions  hy  each  other. — 

I  have  met  with  but  a  single  case  in  which  one 
cross-vein  intersects  another.^  This  occurs  at  Polla^ 
dras  Downs,  where  the  quartzose  vein  is  intersected 
by  the  clayey  one  (the  eastern  flucan  intersects  the 
cross-course),  but  without  any  displacement. 

I  have  seen  no  instance  of  a  flucan  being  inter* 
sected  by  a  cross-course. 

3.  Relations  between  the  rocks  and  the  intersec- 
tions qf  the  veins  which  traverse  them. — 

{a.)  Of  the  233  intersections  of  lodes  by  cross-^ 
veins  which  have  been  so  often  referred  to,  61  (26.1 
per  cent.)  occur  in  granite,  and  172  (73.9  per  cent.) 
in  slate.^  From  the  difficulty  of  enquiry  and  its 
uncertainty,  I  cannot  state  whether  the  difference 
between  these  numbers  depends  merely  on  the  much 
greater  area  occupied  by  the  slate  than  by  the  gra- 
nite in  the  tracts  here  considered,  or  whether  the 

1  Ante,  p.  289. 

^  Mr.  Thomas  states  that  Skewes's  Flucan  intersects  the  Great  Cross -course 
of  Wheal  Damsel,  Report,  p.  53.  Mr.  Carne  confirms  this,  and  also  mentions 
a  similar  occurrence  at  Wheal  Alfred.    Corn.  Geo.  Trans.,  ii.  p.  110. 

8  Two  of  this  number  occur  in  elvan  at  Ting  Tang. 

VOL.  V.  SS 
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intersections  of  veins  are  really  more  common  in  on 
rock  than  in  the  other^  under  conditions  otherwis 
similar. 

If  we  regard  the  total  numbers  in  each  rock  a 
100,  then  the  respective  proportions  will  be  as  fo! 
low :  viz. — 

The  intersections,  without  heaves.  • 
Heaves  toward  the  right  hand. . .  • 

f,  left  hand   .... 

,,  greater  angle, . 

9,  smaller  angle . , 

The  mean  distances  of  all  the  heaves  is 16*4  feel 

„  f,  in  granite 17*1   » 

fp  ff  state  •»■...■•     10  o  ff 

The  relative  proportions  seem  scarcely  sufficien 
to  warrant  the  idea  that  the  slight  differences 
between  them  have  much  connexion  with  the  natun 
of  the  containing  rock. 

It  has  been  seen^  that  the  233  intersections  ar 
effected  by  125  veins  of  clay^  or  Jlucans,  and  10 
quartzose  ones^  or  cross-courses.  The  proportion 
in  which  they  occur  in  the  different  rocks 


iBfmite. 

In«Ue. 

26'2  ^  cent. 

21'6^ceBi 

62-4      „ 

60-5       ., 

21-4       „ 

28-0       „ 

65-6       „ 

64-0       „ 

8'2       ., 

14'6       ., 

In  granite.  In  slate. 

Flucans 78-7^  cent.    47*0^  cent 

Cross-courses 21*3       ,,  53*0       ,, 

This  result  is  in  accordance  with  the  general  fac 
long  recognized  in  some  parts  of  Cornwall : — thi 
the  cross-veins  far  more  frequently  partake  of  tl 
nature  of  the  contiguous  rock  (and  are  thus  chara< 
terized  as  Jlucans)  in  the  granitic  than  in  the  slat 


1  The  average  distance  of  the  two  heaves  in  the  dvtm  at  TTing  Tkmg  is  14*ft  k 

s  Ante,  p.  291. 
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rocks ;  and  that  in  the  latter  they  are  much  more 
generally  quartzose  in  their  composition^  and  are 
thus  designated  cross-courses. 

(ft.)  The  intersections  of  cross-veins  hy  lodes  are 
23  in  number ;  of  these  36  per  cent,  are  in  granite^ 
and  64  per  cent  in  slate. 

(c.)  Twenty  instances  of  lodes  intersected  by 
other  lodes  have  been  here  recorded,  of  which  20 
per  cent,  are  in  granite,  and  80  per  cent,  in  slate. 

The  general  approximation  in  the  proportions  of 
the  various  results  of  the  intersections  in  these 
smaller  and  less  material  classes  of  facts,  to  those  in 
the  larger  and  more  important  division,  is  such,  that 
it  scarcely  seems  desirable  to  pursue  them  into  the 
more  minute  subdivisions.  Further  details  will, 
however,  be  found  in  Tables  cx.-cxi. 

4.  On  the  influence  the  breadth  qf  the  traversing 
veins  may  have  on  the  extent  of  the  heaves  they 
produce. — 

Whether  the  breadth  of  a  cross-^ein  influences  the 
distance  to  which  it  may  heave  the  lodes  intersected 
by  it,  or  whether,  when  it  is  wider  or  narrower,  the 
proportion  of  simple  intersections  in  the  lodes  tra- 
versed is  increased  or  diminished,  is  one  of  the  most 
interesting  parts  of  this  enquiry ;  and,  to  determine 
it,  we  have  no  guide  but  observation. 

Individual  examples  may  doubtless  be  selected 
from  the  foregoing  details  which  would  give  a  colour 
to  opposite  views ;  but  the  truth  can  only  be  obtained 
by  a  statement  of  the  general  average. 

Were  our  facts  distributed,  as  before,  in  many 

ss2 
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classes^  a  few  examples  of  heaves  to  a  great  exten 
in  one,  or  to  a  small  distance  in  another,  would  cans 
an  undue  preponderance,  and  entangle  us  in  difi 
culties.  It  has,  therefore,  been  thought  best  to  fon 
but  two  classes :  viz., — 1st,  the  heaves  by  cross-vein 
of  less  than  1  foot  in  width ;  and,  2nd,  those  b 
cross-veins  which  are  more  than  1  foot  broad. 
The  respective  results  are  that — 

The  proportion  of  intersections  by  cross-vetiWyOf  less  than  1  foot  wid 

which  are  unattended  by  heaves  is 30*4  ^  cent 

,y     more  than  1  foot  wide         ,,  ••• 20*3       ,, 

The  aTerage  distance  of  the  heaves  by  eross-vems — 

Jess  than  1  foot  wide,  is 12*5  feei 

„    more  than  1  foot  wide  •  • 23*0^  „ 

This  difference,  both  in  the  proportion  of  th 
simple  intersections  to  total  number,  and  also  in  th 
respective  average  distances  of  the  heaves^  seem 
strikingly  to  show  that  some  relation  must  exis 
between  the  width  of  the  cross-vein  and  the  intensit 
of  its  disturbing  force,  whatever  that  may  be,  on  tb 
veins  it  intersects.^ 

For  the  reasons  already  given,  I  prefer  this  gen( 
ral  announcement  to  an  enumeration  of  particul^ 
examples. 

5  On  the  relations  between  the  breadth  of  the  inte 
sected  veins  and  the  results  of  their  intersections. — 

The  remarkable  fact  just  disclosed  naturally  lea< 
us  to  enquire  whether  the  dimensions  of  the  lod 

1  The  \taac€S  at  Wktai  Providence  and  Polgooth  are  not  included  in  t 
ayerage. 

s  « I  apprehend  the  heaye  is,  caeteris  paribus,  in  proportion  to  the  sise  of  i 
'*  Flookan  or  Slide/'    Ma.  Paros,  Mmend  CaniMb.,  p«  106. 
Mr,  Came,  Cornwall  Qeo.  Trans*,  ii.  p.  117. 
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influence  the  distances  of  their  heaves.  A&,  how- 
ever, the  lodes,  less  than  one  foot  wide,  are  very  few, 
in  order  to  place  a  sufficient  numher  of  examples  in 
each  class,  it  becomes  necessary  to  make  a  breadth 
of  two  feet  the  line  of  demarcation  between  them. 

The  mean  distance  of  the  heaves  of  lodes^  which  are 

less  than  2  feet  wide,  is    9*1  feet. 

,,    more  than  2  feet  wide 24*6    „ 

The  intersections  unaccompanied  hy  heaves  are, 

of  lodes  less  than  2  feet  wide 26*2  ^  cent. 

yf  f,     more  than  2  feet  wide   23*6     „ 

The  difference  between  the  proportions  of  simple 
intersections,  whether  of  large  or  small  lodes,  is  so 
trivial  as  to  require  no  further  remark. 

On  the  contrary,  the  difference  between  the  ex- 
tent of  the  heaves  of  large  and  of  small  lodes  is  so 
great,  and  indeed  so  much  greater  than  that  of  the 
heaves  by  large  and  by  small  cross-veins,  as  to  sug- 
gest the  probability  that  the  dimensions  of  the  lodes 
exert  an  influence  at  least  as  great  as  that  of  the 
cross-veins  on  the  result  of  their  intersections :  and 
also  that,  in  this  respect,  some  mutual  dependance, 
or  necessary  connexion,  subsists  between  them,  and 
jointly  affects  the  extent  of  the  heaves.  The  facts, 
also,  seem  to  indicate  that  this  is  in  a  direct,  rather 
than  in  an  inverse  proportion. 

If  this  be  true,  it  will  follow  that  the  intersections 
of  large  lodes  by  large  cross-veins  should  present  a 
maximum  extent  of  heave,  and  those  of  small  lodes 
by  small  cross-veins  a  minimum ;  whilst  those  of  a 
large  and  a  small  vein  of  either  kind  should  afford 
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nearly  a  mean :  differing^  indeed^  in  either  case»  from 
a  true  arithmetical  mean^  only  inasmuch  as  that  the 
influence  of  the  width  of  the  lodes  being  apparently 
greater  than  that  of  the  cross-veins,  the  intersections 
of  large  lodes  by  small  cross-veins  should  exhibit  a 
somewhat  higher  average  than  those  of  small  lodes 
by  large  cross-veins. 

These  views  receive  a  most  complete  and  decisive 
confirmation  by  the  facts :  for  the  mean  distances  of 
the  various  heaves  are  as  follow :  viz. — 

Of  large  hdet  by  large  crois-veins,^  28*3  feet. 

„    small     ,,  „  16*1    „ 

,,    large  iodcf,  by  small  croM-vetiUy  17*0    „ 

„    small     „  „  4*8    „ 

The  proportions  of  simple  intersections,  unattended  by  heaves,  are- 
Of  large  Uxies,  intersected  by  large  cross-veins,     34*6  ^  cent 
„    small     ,,  „  M     ••     18*0       „ 

„   large  lodes,  intersected  by  small  cross-veins,    28*3       „ 
„    small     ,,  „  „     ..     23*8        „ 

Any  general  law  that  may  rule  these  simple  inte: 
sections  is  by  no  means  apparent :  and^  as  they  ai 
cases  which  present  neither  doubt  nor  difiSculty  1 
the  miner^  they  seem  to  require  no  further  commei 

(J.)  Tlie  relations  between  the  lieaves  of  lodes,  at 
the  angles  included  at  their  intersections  by  croi 
veins. — 

In  Table  cviii.^  these  are  exhibited  under  all  t 
conditions  of  their  occurrence  in  the  different  roc 


I  By  small  and  large  lodea  are  meant,  respectlTely,  those  less  and  greater  t 
two  feet  in  breadth : — by  small  and  large  crosS'tein8,  such  as  are  of  large 
smaller  breadth  than  one  foot. 

s  In  five  instances  the  included  angle  has  not  been  ascertained  with  sofBc: 
certainty  to  place  the  results  in  this  table. 
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throughout  the  districts  here  examined ;  and  I  now 
proceed  to  give  a  brief  summary  of  its  results : — 


Angle  included. 

Proportion 

710^  heaved. 

Proportion  heaved. 

Av*diU*ofh«ave» 

0«>--10o 

10°     20°      . 

.      0-4^ 

'  cent.  .  . . 

0-4^ 

cent. 

6*0  feet. 

20^—30°      . 

.     0-8 

»           •  • 

3-1 

.     16 -3    „ 

30^—40°      . 

.     0-8 

•  >           •  • 

3-1 

.     24-2    „ 

40°— 60*>      , 

..      0-4 

»>          •  • 

6-7 

..     32-4   „ 

600—60°     . 

..     2*6 

ti                 •  • 

6-8 

..      19-4    „ 

eo«— 70® 

..     4-8 

9>                   •  • 

11-9 

.      12-4    „ 

70*'— 80«     . 

.      4-3 

•  >                 •  • 

20-7 

..     16-9    „ 

80''— 90« 

..      8-7 

»>                 •  • 

26-6 

..      14-3    „ 

The  proportions  respectively  heaved  towards  the 
right  and  left  hands^  and  greater  and  smaller  angles^ 
and  the  distances  of  the  heaves,  are  shown  in  the 
following  columns : — 


Right  hand. 

Left 

hand. 

AngUimchtded, 

Proportion. 

Av,diit.  of  heave. 

Proportion, 

Av,dist,of  heave. 

0°— 10° 

- 

— 

— 

— 

10«>— 20*»  . 

.    0 '4^0601. 

..    6*0  feet. 

— 

20o— 30°  . 

.    2*6 

..  16-1    „     .. 

0'4^cent. 

..  11-0  feet. 

30«— 40°  . 

.     1*8 

..36'2    „     .. 

1-3 

..    8*3  „ 

40°— 50°  . 

.    4-1 

..  42-8    „     .. 

2-6 

..  16-7  „ 

60°  -60°  . 

.    2-6 

..  12-6    „     .. 

3-0 

..  26*3  „ 

60°— 70°  . 

.    6-7 

..  17-6    ,.    .. 

6-3 

..     6'8  „ 

70o— 80°  . 

.  14-1 

. .  18.1    f,     • . 

6-7 

..  11-1  „ 

80°— 90°  . 

.  181 

..  16'6    „     . . 

7-5 

..  11-3  „ 

Greater 

angle 

> 

Smaller  angle. 

Angle  incltuied. 

Proportion. 

Av.disUo/Tieave. 

Pr(^ortion. 

Av.diet.of  heave. 

Qo— lOo 

— 

— 

— 

10^-20°  . 

.    0*4^ cent. 

..    6-0  feet. 

— 

20°— 30°  . 

.     2-6 

..  17-2    „   .. 

0*4^cent. 

..    4*6  feet. 

30«— 40o  . 

.     2-6 

..  27-3    „   .. 

0*4 

9f 

..    6*0  ,, 

40°     60o  . 

.     4-9 

..  36'6    „   .. 

1-8 

rt 

..  24-0  „ 

60°— 60°  . 

.     6-3 

..  20*6    „   .. 

0-4 

>> 

..    6*0  „ 

60°— 70°  . 

.  11-0 

..  131    „   .. 

0-8 

>> 

..    3'6  „ 

700—80°  . 

.  14-7 

..  13-4    „  .. 

6-3 

>9 

..  14-6  „ 

80«— 90°  . 

.  22-6 

..  16'2    „   .. 

3-1 

99 

•.    7-4  „ 
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The  foregoing  columns  prove  that  a  very  Iar{ 
proportion  of  the  intersections  take  place  at  grei 
angles : — from  70^  to  90^.  This  seems  to  depei 
both  on  the  general  fact  that,  taking  areas  of  larj 
extent,  whatever  may  be  the  directions  of  the  lock 
those  of  the  cross-veins  are  often  nearly  at  rigl 
angles  to  them ;  and  on  the  rectangularity  usual 
existing  between  two  series  of  the  joints,  or  stru 
tural  divisions  of  the  rocks.^ 

That  the  extent  of  the  heaves  becomes  smaller,  tl 
larger  the  angle  included  between  the  intersectii 
veins,  has  been  long  conjectured  j^  but  the  facts  ai 
now  for  the  first  time  exhibited  numerically. 

Another  general  fact  is,  however,  plainly  disclose 
in  the  first  part  of  the  three  tabular  arrangemeni 
and  it  is  apparent  through  the  two  others  also  :- 
namely,  that  there  is  an  angle  at  which  the  extei 
of  the  heaves  rises  to  a  maximum,  but  that  on  eitb 
side  of  it, — whether  the  included  angle  be  great 
or  less,  the  extent  of  the  heave  diminishes.  Th 
maximum  takes  place  when  the  angle  is  betwa 
40^  and  50^,  and  on  either  side  of  it  there  is  (wii 
a  single  exception)  a  gradual  diminution. 

By  the  separation  of  the  heaves  as  they  occi 
towards  the  right  or  left  hand,  or  to  the  greater  < 
smaller  angle,  the  regularity  of  the  progression  ( 
either  side  of  this  angle  of  greatest  displacement 
somewhat  masked;  the  general  fact  is,  howevc 
most  clearly  and  decidedly  established :  its  cause 
shall  not  attempt  to  assign. 

I  AtUe,  p.  170.       s  Mr.  Hawkint^  Cora.  Geo.  Trans.,  ii.  p.  9S8. 
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7.  On  the  relations  between  the  heaves  qf  lodes 
and  their  dips,  and  those  of  the  cross-^eins  hy  which 
they  are  intersected. — 

It  has  been  seen  that  the  extent  of  heaves  is  in 
some  degree  dependant  on  the  angles  included  by 
the  intersecting  veins.  If  there  be  any  general  law 
respecting  their  directions,  it  may  not  unreasonably 
be  expected  to  have  reference  also  to  the  inclinations 
of  the  lodes  or  cross-veins,  or  of  both. 

One  hundred  and  thirty-five  lodes  dip  towards  the 
north ;  and  75  of  them  are  intersected  by  cross-veins 
dipping  east,  and  60  by  others  dipping  west. 

Ninety-eight  lodes  incline  towards  the  south ;  and 
they  are  intersected  by  55  cross-veins  dipping  east- 
ward, and  43  dipping  westward. 

These  numbers,  75,  60,  55,  and  43,  are  respec- 
tively our  points  of  comparison,  and  supply  us  with 
every  possible  combination  of  angles. 

Lodes  dipping  north. 

Cross-veins  dipping  east.  Cross-veins  dipping  west. 

Intersections  without  heaves,  14*6^  cent 40*0^  cent. 

Lodes  heaved  to  right  hand — 

greater  angle 42*6  „         83*4  „ 

„     smaller  angle 9*5  ,,         8*3  „ 

Lodes  heaved  to  left  hand — 

greater  angle 28*0  „  ••••..  8*3  ,, 

„     smaller  angle 5*3  ,,         10*0  ,, 

Lodes  dipping  south. 
Cross-veifu  dipping  east.  Cross-veins  dipping  west. 

Intersections  without  Aeave«,  14*6^  cent.  .•••..  23*2  ^  cent. 
Lodes  heaved  to  right  hand — 

greater  angle 50*9  „  48*9  „ 

„    smaller  angle   5*5  „  7*0  „ 

Lodes  heaved  to  left  hand — 

greater  angle 25*5  ,^  20*9  „ 

„     smaller  angle   3*5  „  —  „ 

VOL.  V.  TT 


304       W.  J.  Henwood^  on  the  MetaUfferous 

It  may  be  of  some  use  to  consider  the  relations 
between  the  intersecting  planes  when  one  vein  inter- 
sects another :  for  instance,  when  a  lode  inclining 
northward  is  intersected  by  a  cross-vein  dipping  east. 

The  portion  of  rock  {PL  I.  Fig.  1.)  a,  is  thus  in- 
cluded by  the  two  upper  surfaces  (hanging  walls)  of 
the  two  veins ;  h,  between  their  two  lower  faces 
(foot  walls)  ;  c,  between  the  upper  face  of  the  cross- 
vein  and  the  lower  one  of  the  lode  ;  and  d,  between 
the  lower  plane  of  the  cross-vein  and  the  upper  one 
of  the  lode. 

Now,  if  the  lode  be  heaved  towards  the  right  hand 
and  greater  angle,  the  obtuse-angled  portions,  a  and 
b,  will  be  respectively  bounded  by  the  upper  faces 
of  both  the  lode  and  cross-vein,  and  by  their  two 
lower  faces :  whilst  the  acute-angled  portions,  c  and 
d,  will  be  in  like  manner  included, — the  former,  be- 
tween the  upper  face  of  the  cross-vein  and  the  lower 
one  of  the  lode ;  and  the  latter,  between  the  upper 
face  of  the  lode  and  the  lower  one  of  the  cross-vein. 

If  the  inclinations  of  the  veins  remain  the  same, 
but  their  directions  be  supposed  to  differ,  so  that  the 
heave  towards  the  right  hand  shall  be  towards  the 
smaller,  instead  of  the  larger  angle,  as  in  the  last 
instance,  the  only  alteration  will  be  that  the  por- 
tions which  were  acute-angled  in  the  last  case,  will 
in  this  become  obtuse. 

Let  us  now  suppose  the  directions  and  inclinations 
to  remain  the  same  as  in  the  first  case ;  but  that  the 
heave  is  towards  the  left  hand  and  smaller  angle. 
Here  no  other  alteration  will  be  effected ;  for  a  and 
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b  will  still  be  bounded  by  obtuse  angles,  and  c  and  d 
by  acute  ones.  Let  the  underlie  of  the  cross-vein  be 
now  supposed  to  be  westerly,  that  of  the  lode  being 
still  towards  the  north,  and  the  heave  still  towards 
the  right  hand  and  greater  angle.  The  acute-angled 
portions  c  and  d  will  be  the  one  included  between 
the  two  upper^  and  the  other  between  the  two  lower 
faces  of  the  veins ;  whilst  a  will  be  contained  be- 
tween the  upper  plane  of  the  lode  and  the  lower  one 
of  the  cross-vein^  and  b  between  the  upper  side  of 
the  cross-vein  and  the  lower  one  of  the  lode. 

The  inclinations  of  the  lines  of  actual  contact 
between  the  veins  will  of  course  depend  on  the  ob- 
liquity of  their  directions  with  regard  to  each  other, 
and  on  the  amount  of  their  dips. 

If,  however^  the  directions  of  the  heaves  be  depen- 
dent on,  and  in  short  necessary  consequences  of,  the 
direction  of  the  dip,  either  of  the  lodes,  or  of  the 
cross-veins,  or  of  both,  such  a  dependance  or  law 
would  become  strikingly  evident  in  such  classifica- 
tions of  facts  as  the  foregoing,  and  that  in  Table 
cix. ;  where,  if  that  hypothesis  were  true,  the  whole 
results  would  appear  in  certain  columns.  Nothing 
of  the  kind,  however,  occurs.  There  is  not,  indeed, 
an  equal  number  of  examples  under  every  division ; 
for  the  right-hand  heaves,  whatever  the  conditions, 
form  51*6  per  cent,  of  the  total  number,  whilst  those 
towards  the  left  hand  are  but  25*3  per  cent.  It  is 
very  remarkable,  that  whatever  may  be  the  dip  of  the 
lodes,  their  intersections  by  cross-veins  dipping  west- 
ward present  an  enormous  preponderance  of  simple 
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breadth  of  the  cross-veins:  which  result  we  have 
seen  to  be  in  remarkable  harmony  with  that  obtained 
by  comparing  the  distances  of  the  heaves  with  the 
average  dimensions  of  the  lodes  and  cross-vems  at 
the  same  levels. 

Neither  should  it  be  lost  sight  of  that»  whilst  cross- 
veins  enlarge/  lodes  dwindle/  as  they  descend ;  and 
that  the  increase  of  the  one  corresponds  with  the 
diminution  of  the  other  with  an  exactness  so  nearly 
perfect^  that  the  difference  is  only  about  4  per  cent.; 
for  they  bear  to  each  other  the  ratio  of  3*96  to  3*80 :  a 
series  of  coincidences  which  can  scarcely  be  thought 
fortuitous. 

But  a  preceding  part  of  this  enquiry^  has  estab- 
lished the  fact,  that  the  extent  of  the  heaves  is  in 
direct  proportion  to  the  width  of  the  hdes,  as 
well  as  to  that  of  the  cross-veins:  whilst  here  it 
would,  at  first  sight,  appear  that  this  part  of  our 
enquiry  shows  the  extent  of  the  heaves  to  be  in 
direct  proportion  to  the  width  of  the  cross-veins, 
and  in  an  inverse  one  to  that  of  the  lodes.  It  must 
not  be  forgotten  that  a  preceding  investigation^  has 
conclusively  proved  that  the  extent  of  the  heaves, 
under  similar  circumstances,  are  in  direct  proportion 
to  the  width  of  the  lodes  as  well  as  of  the  cross-veins  ; 
and  this  would  lead  us  to  expect  that  the  diminution 
of  energy  in  the  one  class  of  veins  would  be  com- 
pensated  by  the  increase  of  it  in  the  other :  and, 
therefore,  that  as  their  opposing  influences  so  exactly 
counteract  each  other,  any  apparent  differences  in 

1  Ante,  p.  243,        3  Ante^  p.  276.        »  Ante,  p.  300.        «  AiUe,  p.  800. 
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At  Wheal  Jewel  (in  granite). 
Heaves  to  the  left  hand,  and  greater  angle — 

Depth.  Distance. 

20fms 720  feet. 

60  „         640    M 

60  „         480    M 

70  „         36-0    „ 

80  „         360    „ 

90  „         300    „ 

At  Ting  Tang, 
Heaves  to  the  right  hand  and  greater  angle — 

Depth,  Rock,  Distance, 

00  fms Slate  210  feet. 

120   „        ,  300    „ 

130    „        Elvan  8*0    „ 

140    „ Slate  Confused. 

At  Duffield  (in  date). 
Heaves  to  the  left  hand  and  greater  angle — 

D^th,  Distance. 

18  fms 2-0  feet. 

68    „        180    „ 

88    „        00    „ 

At  Wheal  Friendship  (in  slate). 
Heaves  to  the  left  hand  and  smaller  angle — 

Depth.  Distance. 

26  fms 600feet. 

40    „        420    „ 

60    „         18-0    „ 

Similar  facts  also  occur  in  Wheal  Franco,  Fowey 
Consols,  Wheal  Prudence,  North  Downs,  Cardrew 
Downs,  Wheal  Falmouth,  East  Wheal  Damsel, 
Tincrqft,  CooVs-Michen,  Herland,  Wheal  Union, 
Wheal  Trenwith,  and  in  many  other  mines,  both  of 
tin  and  copper,  and  worked  alike  in  granite  and  in 
slate. 


*» 
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(rt-1.)  The  cross-vein  which  may  be  unifoi 
and  compact  at  one  pointy  in  another  sometini 
subdivides  into  several  veins.  In  some  cases  the 
branches  or  minor-veins^  though  quite  distinct^  a 
nearly  in  contact^the  mass  of  rock  between  them  bei 
even  of  less  thickness  than  the  veins  on  either  si( 
Nevertheless,  the  lode  is  often  as  distinctly  traceal 
and  sometimes,  indeed,  is  as  rich  in  these  mini 
enclosed  portions  of  the  rock  (Country)  as  in  a 
part  of  its  uninterrupted  course:  and  the  hea 
by  each  subdivision  of  the  cross-vein,  from  one 
these  small  included  pieces  of  rock  to  another,  is 
well  characterized  as  in  the  most  considerable  c 
amples.  This  is  remarkably  the  case  in  the  gn 
cross-course  at  Wheal  Peever  (North  Downs),  whc 
small  heaves  of  this  description  are  almost  innum< 
able.  The  same  remark  is  also  applicable  to  t 
great  flucan  at  Cardrew  Downs,  and  to  others 
Great  Saint  George,  Redmoor,  and  Wheal  JFriet 
ship. 

(a-2.)  In  other  cases  the  cross^oein,  which  is  si^ 
at  one  level,  becomes  branched  at  another}  The 
branches  produce  the  same  effects  as  if  they  h 
been  always  separate  and  distinct.  Indeed,  the  si 
of  all  their  effects  on  the  lodes  traversed,  althouj 
sometimes  less  than  that  of  the  cross-vein  united 
one  mass,  is  more  frequently  rather  greater. 

At  Stray  Park  the  Bmmdary  cross^ourse, 
162  fathoms  deep,  heaves  the  north  lode  3  feet,  a 
the  south  lode  2  feet,  both  towards  the  right  han< 

1  Mr.  Thomas,  Report,  p.  86. 
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at  178  fathoms  deep^  it  simply  intersects  them  both ; 
and,  at  188  fathoms  deep,  it  divides  into  three  veins, 
neither  of  which  heaves  either  hde,  although  all  of 
them  intersect  both. 

At  Wheal  Union,  the  trawn,  at  22  fathoms  deep, 
heaves  the  lode  36  feet  towards  the  right  hand,  and, 
at  30  fathoms  deep,  25  feet  in  the  same  direction ; 
but,  at  43  fathoms  deep,  the  trawn  divides  into  three 
veins,  of  which  one  heaves  the  lode  24  feet,  another 

8  feet,  and  the  third  1*5  foot, — but  all  the  heaves  are 
towards  the  right  hand. 

At  Carzise  Consols,  a  flucan  intersects  the  hde. 
At  55  fathoms  deep  it  does  not  heave  it ;  but,  at  65 
and  75  fathoms  deep,  the  lode  is  respectively  heaved 

9  and  5  feet  towards  the  right  hand.  Again,  at  85 
fathoms  deep,  the  flucan  divides  into  three  veins, 
each  of  which  heaves  the  lode  4  feet  in  the  same 
direction. 

At  Wheal  Vor,  the  eastern  cross-course,  at  85 
fathoms  deep,  heaves  the  Main  lode  one  foot  towards 
the  left  hand  ;  but,  at  140  fathoms  deep,  the  cross- 
course  divides  into  two  veins :  the  heaves  by  both  of 
which  are  also  towards  the  left,  and  are  as  follow : — 

Depth,  Wettem  brancJi.  Eastern  branch, 

150  fms 30*0  feet 9-0  feet. 

170     „        30-0    „        5*0    „ 

180     „        7-0    „ 

(«-3.)  There  are  also  cross-^eins,  for  the  most  part 
composed  of  clay  (flucans),  of  which  there  is  no 
trace  at  or  near  the  surface,^  but  which  first  appears 
at  considerable  depths. 

1  This  curious  fact  was  first  noticed  by  Mr.  Thomas,  Report,  pp.  35-36. 
VOL.  V.  UU 
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At  Wheal  Providence,  at  30  fathoms  deep,  the 
Counter  lode  is  heaved  6  feet  towards  the  right  hand 
by  the  eastern  flucan  ;  whilst,  at  48  and  58  fathoms 
deep,  the  same  flncan  heaves  the  same  lode  10  feet 
towards  the  left  hand.  In  this  case  a  remarkable 
alteration  in  the  direction  of  the  flucan  occasions  all 
the  heaves  to  be  towards  the  greater  angle. 

At  the  United  Mines,  Tiddtfs  cross-course,  at  128 
fathoms  deep,  heaves  the  Old  lode  8  feet  towards  the 
right  hand;  and,  at  148  fathoms  deep,  the  same 
cross-course  heaves  the  same  lode  6  feet  to  the  left 
hand.    Here,  too,  the  altered  direction  of  the  veins 

is  the  cause  why  both  heaves  are  towards  the  greater 

« 

angle. 

The  Ore  lode,  in  Wheal  Robert,  is,  at  12  fathoms 
deep,  heaved  6  feet  towards  the  left  hand  by  the 
cross<ourse  ;  whilst,  at  24  fathoms  deep,  the  heave  of 
the  same  lode  by  the  same  cross-course  is  18  feet 
towards  the  right ; — in  the  former  case  towards  the 
smaller,  in  the  latter  towards  the  greater  angle: 
but  instances  of  this  kind  are  very  rare,  and  can 
only  be  regarded  as  exceptions  to  the  general  rule. 
There  are,  nevertheless,  cases  in  which  lodes  heaved 
at  one  level  are  simply  intersected  at  another ;  and 
others  where  the  maximum  considerably  exceeds 
double  the  mean  extent  of  the  heave :  but  these,  too,  | 
are  exceptions. 

(i.)  The  intersections  qf  cross-veins  by  lodes  seem 
marked  by  the  same  irregularities  as  those  of  lodes 
by  cross-veins :  but,  as  cross-veins  offer  few  induce- 
ments to  mining  enterprize,  they  are  seldom  much 
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worked ;  and,  therefore,  there  are  not  many  instances 
in  which  their  intersections  by  lodes  can  be  seen  at 
different  depths  in  the  same  mine. 

At  Ting  Tang,  Roche's  lode  intersects  the  eastern 
flucan  at  90,  100,  110,  and  120  fathoms  deep,  but 
there  is  no  heave  in  either  instance. 

A  similar  fact  is  presented  at  Trevaskus,  where 
the  lode  intersects  the  eastern  cross-course  at  33 
and  51  fathoms  deep,  and,  in  both  cases,  without 
heaving  it. 

At  Wheal  Tranfiach,  the  hde  intersects  the  cross^ 
course  at  34,  64,  and  70  fathoms  deep.  In  the  first 
case  the  cross-course  is  heaved  2  feet,  and  in  the  last 
9  feet,  both  towards  the  left  hand,  but,  in  the  interme- 
diate one,  the  intersection  is  not  attended  by  a  heave. 

(c.)  The  intersection  of  lodes  hy  each  other  present 
variations  similar  to  those  of  their  heaves  by  cross- 
veins,  and  of  the  heaves  of  cross-veins  by  lodes. 
Thus,  at  East  Wheal  Crqfty,  the  Longclose  main 
lode,  at  30  and  46  fathoms  deep,  intersects  the 
Caunter  lode  without  heqving  it ;  whilst,  at  54  and 
65  fathoms  deep,  the  latter  is  respectively  heaved 
21  feet  and  33  feet,  and,  in  both  cases,  towards  the 
right  hand.  In  the  same  mine  Trevenson  and  Meeve's 
lodes  cross  each  other,  but  everywhere  near  their 
intersections  they  both  split  into  strings. 

At  North  Mosiear,  the  south  lode  and  Wheal 
Crofty  Caunter  lode,  at  46  fathoms  deep,  run  to- 
gether in  the  direction  of  the  former  for  42  feet ; 
but,  at  12,  56,  and  66  fathoms  deep,  they  merely 
intersect. 
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At  Wheal  Speed,  Goad  Fortune  lode  heaves  the 
Counter  lade  at  48  and  66  fathoms  deep ; — in  the 
former  5  and  in  the  latter  6  feet,  and,  in  both  cases, 
towards  the  right  hand. 

Similar  facts  occur  at  Dalcoath,  the  Morvah  and 
Zennor  Mines,  and  in  several  others. 

10.  On  the  intersections  qf  the  same  vein  by  several 
others. — 

(a.)  The  intersection  of  one  lode  by  several  cross- 
veins  is  not  uncommon;  but  the  results  of  such 
intersections  bear  little  or  no  relation  to  each  other. 
This  might,  indeed,  have  been  anticipated :  for,  as 
the  directions,  dips,  and  other  conditions,  are  subject 
to  such  frequent  variations,  each  case  will,  for  the 
most  part,  present  a  different  combination  or  ar- 
rangement of  these  elements.  I  shall  here  restrict 
myself  to  the  consideration  of  the  results  observed 
on  the  same  horizontal  plane ;  and  examine  those 
which  occur  at  different  levels  in  a  subsequent 
chapter.^ 

At  Saint  Ives  Consols,  at  75  fathoms  deep,  the 
Standard  lode  is  heaved  39  feet  to  the  left  hand 
(G.  A.)  by  the  western  trawn  ;  and  its  three  veins,  on 
a  mean,  12*3  feet  towards  the  right  hand  (G.  A.)  by 
the  middle  trawn. 

In  Herland,  at  60  fathoms  deep,  the  Fancy  Cawir 
ter  lode  is  heaved  21  feet  towards  the  right  hand 
(G.  A.)  by  the  western  ftucan,  and  6  feet,  in  the  same 
direction  (G.  A.),  by  BvJJ^s  cross-course.  At  75 
fathoms  deep.  Manor  lode  is  heaved  1*5  foot  towards 

1  On  the  appeara&ceB  presented  by  the  opposite  sides  of  crost-octM. 
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the  left  hand  (G.A.)  by  Williams's  flucan,  whilst  the 
Halfpenny  flucan  merely  divides  it.  At  132  fathoms 
deep^  the  same  lode  is  heaved  1  foot  towards  the  left 
hand  (G.A.)  by  Williams's  flucan^  and  12  feet  to- 
wards the  right  (G.  A.)  by  the  Silver  cross-course. 
At  152  fathoms  deep,  this  lode  is  also  heaved  1  foot 
towards  the  right  hand  (G.  A.)  by  the  Siher  cross- 
course,  12  feet  in  the  same  direction  (G.A.)  by  the 
Manor  cross-course,  and  0*5  foot,  also  towards  the 
right  (G.  A.),  by  the  Halfpenny  flucan.  Convocation 
lode,  at  75  fathoms  deep,  is  heaved  1  foot  towards  the 
right  hand  (G.A.)  by  Williams's  flucan,  and  2*5  feet, 
in  the  same  direction  (S.A.),  by  the  Silver  cross- 
course. 

At  Duffield,  the  South  lode,  at  18  fathoms  deep, 
is  divided  by  the  eastern  cross-course,  and,  by  the 
flucan,  it  is  heaved  towards  the  left  hand  (G.  A.) 
2  feet.  At  88  fathoms  deep,  the  same  lode  is  heaved 
9  feet  towards  the  left  hand  by  the  flucan,  and  4  feet 
towards  the  right  (G.A.)  by  the  little  flucan. 

At  74  fathoms  deep,  in  Sinner  Downs,  the  north 
lode  is  intersected  both  by  the  cross-course  and  the 
flucan,  but  is  not  heaved  by  either. 

At  Carzixe,  the  lode,  at  55  fathoms  deep,  without 
any  heave,  is  intersected  by  both  the  flucan  and  the 
eastern  flucan;  whilst,  at  75  fathoms  deep,  it  is 
heaved  5  feet  by  the  flucan,  and  4  feet  by  the  eastern 
flucan,  and,  in  both  cases,  towards  the  right  hand 
(G.  A.). 

Wheal  Soxan  lode,  in  Wheal  Vor,  is,  at  40  fathoms 
deep,  heaved  54  feet  to  the  right  hand  by  Woolf's 
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crass-course,  and  24  feet  towards  the  left  by  the 
eastern  cross^ourse  ;  whilst,  at  60  fathoms  deep,  it 
is  heaved  42  feet  by  the  fonner,  and  27  feet  by  the 
latter.  The  heaves  are,  in  every  case,  towards  the 
smaller  angle. 

At  PoUadras  Daums,  at  43  fathoms  deep,  Bissa 
lode  is  merely  intersected  by  the  cross-course,  whilst 
it  is  heaved  84  feet  towards  the  right  hand  (G.  A.)  by 
the  flucan.  At  the  same  level.  Pressure  south  lode 
is  simply  traversed  by  the  cross-course,  whilst  one 
vein  of  the  flucan  heaves  it  24  feet,  and  another  18 
feet,  both  towards  the  right  hand  (S.  A.).  At  103 
fathoms  deep,  the  Engine  lode  is  merely  divided  by 
the  cross-course,  but  the^t^raff  heaves  it  24  feet,  and 
the  eastern  flucan  6  feet,  both  of  them  towards  the 
right  hand  (S.  A.). 

At  162  fathoms  deep,  in  Stratf  Park,  the  north 
lode  is  heaved  5  feet  towards  the  left  hand  (G.  A.) 
by  the  Machine  cross-course,  and  3  feet  to  the  right 
(G.  A.)  by  the  Boundary  cross-course.  At  the  same 
depth,  the  south  lode  is  heaved  3  feet  towards  the 
left  (G.  A.)  by  the  former,  and  2  feet  to  the  right 
(G.  A.)  by  the  latter  of  these  cross-courses. 

At  Wheal  Jewel,  the  lode,  at  20  fathoms  deep,  is 
heaved  12  feet  towards  the  left  hand  (G.  A.)  by 
Rodd^s  flucan,  72  feet,  in  the  same  direction  (G.  A.), 
by  John*s  flucan,  2*5  feet,  towards  the  same  hand 
(G.  A.),  by  the  little  flucan,  whilst  the  Stony  cross- 
course  simply  intersects  it. 

The  lode,  at  50  fathoms  deep,  in  Wheal  Franco, 
is  hea;ved  66  feet  towards  the  right  hand  (R.A.)  by 


Deposits  of  Cornwall  and  Devon,  319 

the  cross-bourse,  and  120  feet,  in  the  same  direction 
(G.  A.),  by  the  flucan. 

The  preceding  tables^  contain  full  details  respect- 
ing 55  hdes,  each  of  which  is  traversed  by  two 
cross-veins.  Of  these  110  intersections,  20,  or  18*1 
per  cent.,  are  unaccompanied  by  heaves  ;  66,  or  60*0 
per  cent.,  are  heaved  towards  the  right  band ;  and 
24,  or  21 '9  per  cent,  towards  the  left : — 74,  or  67*3 
per  cent.,  towards  the  greater,  and  16,  or  14*6  per 
cent.,  towards  the  smaller  angle.  Of  the  90  heaves,  48 
(which  are  of  24  lodes  by  heaves  two  cross-veins  each) 
are  towards  the  same  hand,  whilst,  in  42  instances, 
(21  lodes  each  heaved  by  two  cross-veins,)  the  heaves 
of  the  same  lode  by  two  different  cross-veins  are 
towards  opposite  hands. 

There  are  9  examples  of  lodes  each  traversed  by 
THREE  cross-veins.  Of  these  27  intersections,  5,  or 
18'5  per  cent,  are  unattended  by  heaves;  10,  or  370 
per  cent.,  occasion  right-hand  heaves;  and  12,  or 
44*5  per  cent,  are  left-hand  heaves : — 20,  or  74*0  per 
cent.,  are  heaved  towards  the  greater,  and  2,  or  7*5 
per  cent.,  towards  the  smaller  angle. 

Two  lodes  are  intersected  by  four  cross-veins  each. 
Of  the  intersections,  2,  or  25*0  per  cent,  are  unac- 
companied by  heaves,  and,  in  the  remaining  6,  or 
75*0  per  cent,  the  heaves  are  all  towards  the  left 
hand,  and  also,  all  to  the  greater  angle. 

It  must  not  be  forgotten  that  though  in  the  Mara- 
zion,  Gwinear,  Helston,  Camborne,  Redruth,  Saint 
Agnes,  Saint  Austell,  and  Tavistock  districts  the 

1  Tables  i.-xoviii. 
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at  45  fathoms  deep,  the  one  84  feet^  and  the  other 
69  feet. 

In  Herland,  at  60  fathoms  deep^  Bull's  cross- 
course  heaves  Pleasure  lode  (S.  A.)  and  the  Fancy 
Caunter  lode  (G.  A.)  both  6  feet  towards  the  right 
hand.  At  75  fathoms  deep^  Williams's  flucan  heaves 
Pleasure  lode  2  feet  towards  the  right  hand  (S.  A.), 
and  Convocation  lode  2*5  feet  in  the  same  direction 
(G.  A.) ;  whilst  Manor  lode,  which  lies  between  the 
other  two,  is  heaved  1'5  foot  to  the  left  hand  (G.A.). 
At  97  fathoms  deep.  Wheal  Bailey  western  cross- 
course  heaves  Manor  lode  (G.  A.)  2  feet,  and  Wheal 
Bailey  lode  (S. A.)  0*5  foot,  both  towards  the  left  hand. 

At  18  fathoms  deep,  in  Duffield,  the  eastern  cross- 
course  heaves  the  Little  north  lode  9  feet  towards  the 
left  hand  (G.  A.),  whilst  it  simply  intersects  the 
south  lode. 

At  Polladras  Downs,  at  33  fathoms  deep,  the 
flucan  heaves  Pressure  north  lode  24  feet,  and  Pres- 
sure south  lode  42  feet,  both  towards  the  right 
hand  (S.  A.) ;  and,  at  83  fathoms  deep,  it  heaves  the 
former  lode  72  feet  and  the  latter  42  feet,  in  the  same 
direction ;  and  the  same  fiucan,  at  43  fathoms  deep, 
divides  both  Bissa  and  Pressure  south  lodes  but 
heaves  neither  of  them.  At  83  fathoms  deep,  the 
eastern  fiucan  heaves  the  Engine  lode  3  feet  towards 
the  right  hand  (S.  A.),  whilst  it  simply  traverses 
Bissa  lode. 

Analogous  facts  occur  at  Stray  Park,  Cook's- 
kitchen,  Tincroft,  Cairn  Brea  Mines,  Ting  Tang, 
the  Consolidated  and   United  Mines,  East  Wheal 

XX  2 
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Damsel,  Wheal  Jewel,  Cardrew  JDoums,  North 
Downs,  Wheal  Prudence,  Polberrow,  Dowgas,  Fowey 
Consols,  Beam,  and  Redmoor,  but,  as  the  details  will 
be  found  in  the  previous  tables/  it  is  unnecessary  to 
recapitulate  them  here. 

Of  the  same  cross-veins  intersecting  two  or  more 
lodes,  114  instances  have  been  described  in  the  fore- 
going pages.  Of  these,  40  cross-veins  intersect  two 
lodes  each,  4  cross-veins  intersect  three  Idles  eacb, 
2  cross-veins  intersect  /imr  lodes  each,  and  1  cross- 
vein  intersects  no  less  than  fourteen  different  hdez 
and  veins. 

Of  the  80  lodes  which  are  traversed  by  the  40 
cross-veins,  56  dip  towards  the  north,  and  24  towards 
the  south :  46  lodes,  or  57*5  per  cent.«  are  heaved 
towards  the  right  hand^  and  11,  or  13*7  percent., 
towards  the  left ;  and,  in  23  cases,  or  28*8  per  cent., 
there  are  simple  intersections  only :  48,  or  60*0  per 
cent.,  are  heaved  to  the  greater,  and  9,  or  11*2  per 
cent.,  to  the  smaller  angle. 

Of  18  lodes  traversed  by  9  cross-veins,  the  results 
(22*5  per  cent.)  are  simple  intersections :  8  cross- 
veins  each  merely  intersects  one  of  the  lodes,  and 
heaves  the  other  of  them  towards  the  right  hand 
(10*0  per  cent.) ;  1  cross-vein  intersects  one  lode, 
whilst  it  heaves  the  other  towards  the  left  hand  (2*5 
per  cent.) :  whilst^  of  26  cross-veins,  each  heaves  its 
own  two  lodes  in  the  same  direction  (65*0  per  cent.)* 
Of  these  26  cross-veins,  21  heave  both  the  lodes  they 
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traverse  towards  the  right  hand^  and  the  remaining 
5  of  them  heave  both  the  lodes  they  intersect  towards 
the  left  hand. 

Of  the  4  cross-veins  which  intersect  three  lodes 
each,  one  simply  traverses  all  three;  two  others 
heave  to  the  right  hand  (G.  A.)  all  the  six  lodes  which 
they  intersect ;  and  the  fourth  heaves  two  of  the 
lodes  towards  the  right  hand,  and  one  towards  the 
left.  Thus,  8  lodes,  or  66'7  per  cent.,  are  lieaved 
towards  the  greater  angle ;  1,  or  8'3  per  cent,  to- 
wards the  smaller ;  and  3,  or  25*0  per  cent^  suffer 
simple  intersections : — 8,  or  66*7  per  cent.,  are  also 
heaved  to  the  right ;  and  1,  or  8*3  per  cent.,  towards 
the  left  hand. 

Therefore  the  cases  of  simple  intersections  are  3, 
or  25'0  per  cent. :  only  1  lode,  or  8*3  per  cent,  is 
lieaved  (left  hand)  in  a  contrary  direction  to  the  two 
others  heaved  by  the  same  cross-vein;  whilst  the 
remaining  8,  or  66*7  per  cent.,  are  all  heaved  (right 
hand)  in  the  same  direction.  Of  these  12  lodes,  8 
dip  towards  the  north,  and  4  towards  the  south. 

There  are  2  cross-veins  which  heave  four  lodes 
each,  and  all  of  the  heaves  are  in  the  same  direction, 
towards  the  greater  angle  and  right  hand :  6  of  them 
dip  to  the  north  and  2  to  the  south. 

Of  the  14  lodes  heaved  by  the  same  cross-^vein,  7 
are  heaved  towards  the  right  hand,  and  7  to  the  left ; 
and,  owing  to  a  change  in  the  direction  of  the  cross- 
vein,  all  of  them  are  heaved  towards  the  greater 
angle:  3  of  them  dip  towards  the  north,  and  11 
towards  the  south. 
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Of  the  whole  114  lodes,  thus  intersected^  73  dip 
towards  the  north,  and  41  to  the  south. 

21,  or  18*4  ^  cent.,  of  them  are  unattended  by  heaves;  in — 
lOy  ,y    8*8       „        one  iode  is  simply  intersected,  whilst  the  other 

is  heaved  ;  and  in — 
80,  ,>  70*2       „         both  hdes  are  heaved  in  the  same  direction: 

or,  rather,  the  2,  3,  or  4  iodes  heaved  bj 
the  same  crau-vein  are  all  heaved  towards 
the  same  hand. 
One  croBM'vein,  which  heaves  3  lodes^  heaves-- 
2,  „    1*7       „  towards  the  same  hand ;  and — 

1,  „    0*0       „  in  the  opposite  direction. 

Seeing,  therefore,  that  more  than  97  per  cent  of 
the  whole  number  of  lodes  thus  traversed  are  either 
heaved  in  the  same  direction,  or  are  simply  inter- 
sected,— whilst  less  than  3*0  per  cent,  are  heaved  in 
opposite  directions,  it  may  be  calculated,  generally, 
that  the  heaves  of  all  lodes,  hy  the  same  cross-vein, 
are  in  the  same  direction.  Here,  then,  we  have  a 
plain  and  safe  rule,  and  one  (with  the  few  exceptions 
already  noticed^)  capable  of  universal  application. 

(&.)  Of  several  cross-veins  intersected  by  the  same 
lode,  at  the  same  levels  I  have  met  with  no  example. 

(c.)   The  same  lode  intersects  several  others  in  very 
few  instances. 


1  It  has  been  already  seen  that,  at  Herland,  a  heave,  towards  the  left  hand, 
occara  between  two  towards  the  right,  by  the  same  erass-vem.    Ante,  p.  321. 

9  At  Trevaehu,  at  21  fathoms  deep,  the  /We,  which  dips  north,  intersects  the 
western  cross-course  which  dips  east ;  and,  at  33,  and  also  at  51  fathoms  deep, 
it  traverses  the  eastern  cross-course  which  dips  west : — ^bnt,  in  all  cases,  it  merely 
divides  them. 

At  Wheal  Budnick,  the  lead  lode,  at  34  fathoms  deep,  intersects  WhetU  GMen 
cross-course  dipping  soath-west,  and,  at  64  fathoms  deep,  another  cntss-comn 
dipping  north-east,  and  it  heaves  both  of  them  towards  the  left  hand. 

Any  inference  which  can  be  drawn  from  these  facts  fkvoiirB  the  Tiew  already 
given. 
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At  16  fathoms  deep,  in  Wheal  Bellon,  Wheal  Owl 
lode  heaves  CocKs  lode  4  feet  towards  the  left  hand 
(S.  A.),  and  Pollan-narrow  lode  144  feet  to  the  right 

(G.A.). 

At  Botallach,  the  Crowns,  Wheal  Hazard,  and 
Codna  Reeth  lodes  intersect ;  —  at  Dolcoath,  the 
Caunter,  Harriette^s,  and  the  Main  lodes,  fall  in 
contact ; — and,  at  North  Roshear,  the  Caunter,  En- 
gine, and  south  lodes,  also  meet  each  other :  but  the 
results  of  all  their  intersections  are  obscure. 

The  general  inference,  however,  seems  to  be,  that 
the  rule  which  so  strictly  applies  to  the  intersections 
of  several  hdes  by  the  same  cross-vein,  cannot,  with 
any  certainty,  be  applied  to  the  intersections  of  hdes 
by  each  other. 

12.  A  vein  which  in  one  spot  intersects  another,  is 
itself  sometimes  intersected  hy  a  vein  similar  to  that 
which  it  had  traversed  elsewhere. — 

(a.)  Cross-veins  which  in  some  spots  intersect  lodes, 
are,  in  other  places,  themselves  intersected  hy  lodes 
similar  to  those  which  they  had  traversed. — 

At  18  fathoms  deep,  in  Dvffieldy  the  eastern  cross- 
course  heaves  the  north  lode  and  intersects  the  south 
lode,  but  is  itself  intersected  by  Holmaris  lode,  which 
is  situated  between  the  other  two.  The  composition 
of  the  three  lodes  is  almost  exactly  similar. 

At  70  fathoms  deep,  in  Dolcoath,  Wheal  Bryant 
cross-course  heaves  two  veins  (one  of  them  being  in 
slate  on  the  east  of  the  cross-course,  and  in  elvan  on 
the  west ;  whilst  the  elvan-course,  itself  a  vein  in  the 
slate,  is  not  heaved),  and  the  cross-course  is  itself 
heaved  by  JEntral  north  lode. 
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At  26  fathoms  deep,  in  Tincroft,  the  eastern  cross- 
rourse  is  heaved  by  Old  Tincroft  lode :  the  crosS" 
course  then  heaves  Highhurrow  and  Martinis  lodes ; 
is  itself  again  heaved  by  Dunkin*s  lode  ;  and,  lastly, 
it  heaves  the  south  lode.  The  cross-course  thus  fieaves 
three  W^^,  and  is  itself  heaved  by  two  other  lodes; 
and  the  heaves  of  two  of  the  lodes  are  interposed 
between  the  two  heaves  of  the  crpss-course.  The 
same  cross-course  also  intersects  an  elvan-course  and 
several  granite  veins  without  heaving  any  of  them, 
whilst  it  heaves  certain  other  similar  veins  of  granite. 

(i.)  LodeSy  which  at  some  spots  intersect  others^  are, 
in  other  places,  themselves  intersected  hy  lodes  sijnilar 
to  those  which  they  had  elsewhere  traversed. — 

At  16  fathoms  deep,  in  Wheal  Bellon,  Wheal  Owl 
lode  heaves  Cock's  and  Pollan-narrow  lodes,  but  is 
itself  heaved  by  Wheal  Venton  lode. 

At  110  fathoms  deep,  in  Fowey  Consols^  Bone's 
lode  heaves  Crosspark  lode,  but  is  itself  heaved  by 
Jeffery's  lode. 

(a-1.)  Cross-veins,  at  some  levels,  intersect  lodes,  hy 
which,  at  others,  they  are  themselves  intersected. — 

At  the  Morvah  and  Zennor  Mines,  the  lode,  at  28 
fathoms  deep,  simply  intersects  the  north  course ;  at 
40  fathoms  deep,  the  north  course  heaves  the  lode ;  at 
50  fathoms  deep^  the  hde  once  more  meets,  and  at 
the  same  time  heaves  the  north  course  ;  whilst,  at  60 
fathoms  deep^  the  north  course  again  heaves  the  hde. 
Here,  then,  we  have^  within  a  short  distance,  the 
unparalled  example  of  two  veins  each  ttoice  inter- 
secting the  other. 
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At  112  fathoms  deep,  in  Great  Work,  Wheal 
JSreage  lode  is  heaved  by  the  cross-course ;  at  122 
fathoms^  the  cross-course  is  itself  divided  by  the  lode  ; 
BXiA,  at  132  fathoms  deep>  the  lode  is  divided  by  the 
jcross-course,  but  here  it  is  not  heaved. 

In  Tincrqft,,^i  26  fathoms  deep,  the  eastern  crdss- 
course  is  heaved  by  Dunhin's  lode  ;  but,  at  84  fathoms 
deep/ the  cross-course  heaves  the  lode.^ 

(ft-1.)  Lodes  which  at  certain  depths  intersect  others, 
are,  at  other  levels,  themselves  intersected  hy  the  same 
lodes. — 

In  Dolcoath,  at  56  and  76  fathoms  deep,  the 
Gaunter  lode  heaves  Harriette's  lode;  but,  at  96 
and  116  fathoms  deep,  Harriette'^  lode  heaves  the 
Caunter.^ 

At  Polgooth,  jReskilling  Great  elvan  heaves  Saint 
Martin's  lode  42  feet,  and  Screed's  lode  6  feet; 
whilst  Saint  Martin's  lode  simply  intersects  the 
Little  elvan.  This  is  the  only  example  of  elvans 
heaving  lodes  with  which  I  am  acquainted.^ 

In  order,  however,  that  a  heave  should  take  place, 
it  does  not  seem  absolutely  necessary  that  the  lode 
should  be  traversed,  either  by  another  lode,  a  cross- 
vein,  or,  indeed,  a  vein  of  any  other  sort,  or  even  by 
a  joint  of  the  rock ;  for,  at  Balnoon,^  the  lodes  are 
frequently  cut  off  and  heaved  by  the  joints  of  the 

1  It  is  a  remarkable  fact  that  the  different  branches  of  cross-veins,  when 
separate,  invariably  heave  the  lodes  in  the  same  direction  as  when  united, 
whether  at  the  same  or  at  different  levels,  as  at  Wheal  Vor  and  Wheal  Peever, 

2  This  interesting  fact  was  first  published  by  Mr.  R.  W.  Fox,  from  Captain 
Petherick's  description.     Phil.  Trans.  (1830),  pp.  404-414,  Fig.  27. 

s  Mr.  Hawkins,  Cornwall  Geo.  Trans.,  i,  p.  151.  PI.  vi.     4  Ante,,  p.  2$. 

VOL.  v.  YY 
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rock/  and  often^  too,  when  these  are  wanting.  Of 
the  latter  kind  there  is  also  an  instance  at  Dowgas, 
where  four  lodes  abruptly  terminate  alike  without 
the  intervention  of  either  joint  or  vein,  and  are 
again  found  to  commence  with  similar  abruptness, 
nearly  at  right-angles,  and  at  a  distance  of  about 
4  fathoms. 

Other  similar  cases  may  be  cited,  but  these  are 
very  rare  in  comparison  with  the  heaves  which  are 
occasioned  by  veins,  and  are,  therefore,  merely  ex- 
ceptions to  the  general  rule.  They  are,  nevertheless, 
objects  of  the  greatest  interest ;  since  they  not  only 
encourage  the  miner  in  his  search  for  the  continuation 
of  lodes^  which  otherwise  he  might  have  thought  had 
come  to  an  end,  but  also  supply  additional  materials 
for  speculation  on  the  origin  and  causes  of  the  re- 
markable characters  common  to  lodes,  in  most,  if  not 
in  all,  mining  districts. 

Having  described  the  horizontal  interferences  of 
lodes  with  each  other,  and  with  cross-^eins,  in  con- 
sequence of  their  directions,  we  come  next  to — 

II.   VERTICAL   INTERSECTIONS, 

produced  by  the  different  inclinations  of  veins  which 
have  nearly  parallel  directions. 

The  results  of  these  intersections  are, — that  one 
vein  either  simply  traverses,  or  dislocates  or  dis- 
places  the  other.     In  the  latter  case  the  severed 

1  Mr.  Hawkins,  Cornwall  Geo.  Trans.,  ii.  p.  241. 
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is  found  by  following  the  line  of  the  tra- 
ein,  either  upwards,  as  from  a  to  b,  PI.  XL 
r  downwards,  as  from  y  to  %,  PL  XL  Fig.  8. 
)YioY  portion  of  the  former  is  found  on  the 
the  greater  angle^  and  in  this  the  lode  is 
ive  leaped  or  to  be  thrown  upwards : — in  the 
e  deeper  portion  of  the  lode  is  found  on  the 
he  smaller  angle^  and  the  lode  v&,  in  mining 
),  said  to  have  leaped  or  to  be  thrown  down 

th  the  single  exception  of  Wheal  Vyvyan, 
lides^  occur  in  the  slate  series/  and  none  of 
ceed  a  foot  in  breadth/ — and  as  in  no  in- 
las  the  same  vein  been  seen  to  intersect 
more  than  once,  or  to  interfere  with  more 
other  vein  on  the  line  of  its  dip,  our  objects 
[nation  will  be  much  fewer  than  in  the  cases 
Dntal  intersections. 

3nquiry,  therefore,  seems  confined  to  the 
Ettion  of  (1)  the  nature  of  the  intersecting 
I  (2)  that  of  the  vein  intersected ;  and  (3)  of 
lence  the  angle,  at  their  intersection,  may 
:he  direction  or  distance  of  the  leap  or  throw. 

1  Antty  p,  73. 
mte,  p.  282)  are  veins  of  clay  in  direction  nearly  parallel  to  the 
lich,  for  the  most  part,  traverse  them :  but  the  same  term  is  often 
Tiate  the  result  of  the  intersection,  as  well  as  to  describe  the  inter- 
In  the  Saint  Agnes  district,  however,  these  traversing  veins  often 
ly  brown  iron  ore,  and  are  called  "gossans;"  and  here  the  dis- 
designated  a  leap^ — a  provincial  term  used  by  Mr.  Pryce  (Mineral. 
06),  which  seems  to  express  the  effect  produced  as  well  as  any 
seen.  Mr.  Came  (Com.  Geo.  Trans.,  ii.  p.  119}  has  introduced 
ow  as  a  synonym.  The  expressions  throw  and  leap  are  therefore 
and  slide  is  often  used,  by  miners,  in  the  same  sense. 

8  Ante,  p  282. 

yy2 
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These  considerations  are  equally  applicable  to  the 
interference  of  lodes  with  slides  and  with  each  other. 

1.  On  the  relations  between  the  mineral  composition 
qf  the  traversing  veins  and  tJte  results  qf  the  inter- 
sections.— 

(a.)  The  intersections  of  lodes  by  slides. — Seven 
examples  of  the  intersections  of  lodes  by  slides  have 
occurred  to  me  in  the  course  of  this  enquiry ;  and 
in  3  of  them  the  slide  simply  traverses  the  lode,  in 
2,  the  lode  leaps  upwards  towards  the  smaller  angle, 
and  in  2^  downwards  and  towards  the  larger  angle. 

(&.)  The  intersections  of  some  lodes  by  others  <m 
the  lines  of  their  inclinations. — I  have  seen  9  lode9 
intersected  in  this  manner  by  other  lodes.  In  oii0 
instance  1  lode  simply  traverses  the  other,  ao^: 
the  remaining  8,  the  leaps  are  upwards : — 3  are  M^^ 
wards  the  larger,  and  5  towards  the  smaller  — '^ 

2.  On  the  relations  between  the  mineral  comj. 
of  the  veins  vertically  intersected,  and  the  resi 
t/ieir  intersections. — 

(a.)  The  intersections  of  lodes  yielding  differ 
ores  by  slides. — Of  the  7  lodes  intersected  by  slia^ 
2  are  tin  lodes  and  5  are  copper  lodes :  in  the  forme, 
the  leap  of  both  is  upwards  and  towards  the  smallei 
angle ;  whilst,  in  the  latter,  2  leap  downwards  to- 
wards the  greater  angle,  and  the  other  3  are  simply 
intersected. 

(&)  The  vertical  intersections  of  lodes  by  eoel 
other. — Of  the  9  intersections  of  lodes  by  each  other, 
4  are  of  copper  lodes  by  each  other,  3  are  of  tin  lodes 
by  (gossan)  copper  lodes,  and  2  are  of  tin  lodes  by 
each  other. 
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Of  the  2  tin  lodes  intersected  by  each  other,  both 
leap  upwards  and  towards  the  greater  angle ;  of  the 
3  tin  lodes  by  (gossan)  copper  lodes,  all*  leap  up- 
wards,^— 2  towards  the  smaller  and  1  towards  the 
larger  angle ;  whilst,  of  the  4  copper  hdes  inter- 
sected by  each  other,  1  is  simply  intersected,  and  the 
other  3  leap  upwards,  and  all  towards  the  smaller 
angle. 

At  South  Wheal  Towan^  the  Slide  lode  which 
occasions  the  leap  is  in  two  veins.  These  include 
between  them  a  mass  of  rock  (Country)  in  which 
there  is  a  portion  of  the  intersected  hde, — ^in  regular 
and  conformable  position  as  to  dip,  but  wholly  sepa- 
rated from  both  the  other  segments  of  the  lode. 

At  that  part  of  Gwallon  where  I  saw  the  contact 
between  the  tin  lode  and  the  slide,  the  slide  was 
simply  intersected  by  the  lode.  I  have  been  since 
informed*  that  in  other  parts  of  their  course  the 
slide  intersects  the  lode. 

At  Polgooth,  the  flucan  intersects  the  Little  elvan 
and  Saint  Martinis  lode,  and,  in  both  of  them,  occa- 
sions a  leap  of  114  feet  upwards  to  the  smaller  angle. 
At  Wheal  Unity  Wood,  the  slide  intersects  the  elvan- 
course,  but  causes  no  leap ;  whilst,  at  its  contact 
with  the  flucan,  there  is  such  a  resemblance  between 
their  ingredients  as  to  render  the  result  indistinct. 

The  lode,  at  Penwinnick,  although  siniply  inter- 
sected, becomes  somewhat  deflected,  and,  on  either 

1  AntCy  p,  178. 

2  Captain  Williams  informs  me  that  this  has  occurred  in  a  different  part  of 
the  mine,  explored  since  my  visit.  Mr.  Carne  also  gives  the  same  statement,—* 
Corn.  Geo.  Trans.,  ii.  p.  92. 
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side  of  the  slide,  partakes  of  its  direction  for  some 
distance.  This,  we  have  already  seen,  is  also  a  com- 
mon case  in  horizontal  intersections,  as  at  Wheal 
Cunnings  Bascaswell  Downs,  and  East  Pool. 

There  are  several  doubtful  cases,  as  at  CooUs- 
kitchen  and  Tincrqfl,  which  on  that  account  I  omit 
from  this  classification. 

It  seems  almost  superfluous  to  repeat  here  that 
lodes  frequently  coalesce,  both  horizontally  and 
vertically.* 

We  possess  only  sixteen  examples  of  vertical 
intersections :  an  insufficient  number  from  which  to 
draw  any  sure  inferences.  It  is,  however,  not  un- 
worthy of  remark,  that  of  the  leaps  of  lodes  inter- 
sected by  slides,  all  those  of  the  tin  lodes  are  upwards 
and  towards  the  smaller  angle,  whilst  all  the  copper 
lodes  present  either  simple  intersections,  or  leaps 
downwards  towards  the  greater  angle. 

It  is  interesting  to  compare  even  this  small  number 
of  vertical  intersections  with  the  horizontal  inter- 
sections of  lodes  by  cross^eins. 

The  intersections  of  lodes  by  flucans  show  a  nu- 
merical preponderance  of  heaves  towards  the  greater 
angle,'  and,  also,  that  the  extent  of  the  heaves  is 
greater  with  tin  than  with  copper  lodes,  which  also 
holds  true  in  the  leaps  occurring  with  vertical  inter- 
sections ;  whilst  the  displacement  (whether  a  heave 
caused  by  a  fluean,  or  a  leap  occasioned  by  a  slide) 
of  copper  lodes  is  more  frequently  towards  the 
greater  angle'  than  is  the  case  with  lodes  yielding 
other  ores. 


1  AnUe,  p.  176.  »  AniU,  p.  291.  »  Anie^  p«  287. 
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Again,  the  heaves  of  lodes  by  each  other/  and  by 
cross'courses^  exhibit  a  larger  proportion  of  heaves 
towards  the  smaller  angle  than  results  from  their 
heaves  by  flucans.^  This  law  most  remarkably  pre- 
vails in  their  vertical  intersections  also ;  for  the  leaps 
towards  the  smaller  angle  are  in  much  larger  propor- 
tion than  those  towards  the  greater  angle : — an 
excess  which  also  holds  good  when  the  leaps  caused 
by  the  intersections  of  lodes  by  each  other  are  com- 
pared with  those  of  lodes  traversed  by  slides. 

In  fact,  whether  the  intersection  be  horizontal  or 
vertical,  and  produced  either  by  another  lode  or  by 
a  cross-bourse,  under  any  of  these  conditions  it  seems 
evident  that  the  displacement,  whether  it  be  a  heave 
or  a  leap,  is  far  more  commonly  to  the  smaller  angle 
when  the  traversing  vein  has  a  quartzose,  than  when 
it  has  a  clayey,  character:  and,  also,  that  of  the 
harder  descriptions  of  the  lodes,  such  as  the  tin  lodes, ^ 
a  larger  proportion  is  re-discovered  towards  the  side 
of  the  smaller  than  of  the  larger  angle 

These  circumstances  rather  indicate  that  the  di- 
rection of  the  heave  or  leap  may  be  affected  by  the 
mineral  composition  of  the  intersected,  as  we  have 
already  seen  it  is  by  that  of  the  intersecting'^  vein/ 

These  facts  seem  to  hint  that  whilst  the  dimen- 
sions® of  the  veins,  and  the  angles  they  include,^ 
regulate  the  distance  of   the  displacement,  their 


1  Ante^  p.  289.  ^  Ante,  p,  292.  8  Ante,  p.  291. 

4  Mr.  Came,  Corn.  Geo.  Trans.^  ii.  p.  87 :  Mr.  R.  W,  Fox,  Corn.  Polytech. 
Soc.  Report  (1836),  p.  121. 

5  Ante,  p.  380.  a  Ante,  pp,  297-8.  7  Awte,  p.  801. 
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mineral  characters^  in  some  degree,  influence  its 
direction. 

3.  On  the  influence  which  the  angles  included 
exercise  on  tJie  results  of  vertical  intersections  of 
veins. — 

The  following  columns  indicate  the  angles  included 
in  the  sixteen  examples  before  us>  and  also  the  results 
of  the  intersections : — 

AngUt.  yumbcr  of  initanees.  Rcmlte. 

0*— 10"  — — 

10"— 20**  1     Intersection. 

20**— 30«  1    Up,3feetS.A, 

30*^—40**  — — 

f2  intereections. 
1  up,  12  feet  G.  A. 
2  up,  average  61  feet  S.  A. 
30*'— OO**     1    Up,  240  feet  S.  A, 

<>»-'»• =■ {i:f:.S  ::  ?.!• 

70*» — 80**     1    Intersection. 

{2  down,  average  7  feet  G.A. 
I  "P.  ,,       15    „      „ 

2  up,  „      27    „    S.A. 

Some  traces  of  the  general  fact  previously  indi- 
cated^ by  the  horizontal  intersections  are  apparent 
here  also;  for  the  maximum  extent  of  the  leaps 
seems  to  take  place  when  the  included  angle  is 
somewhere  between  40  and  70  degrees ;  on  either 
side  of  which  the  distances  seem  to  diminish.  An 
average  from  so  small  a  number  of  instances  is  not 
worthy  of  much  confidence  if  taken  by  itself:  but, 
whatever  consideration  may  be  given  to  these  fistcts, 
be  it  little  or  much»  they^  to  that  extent^  support  the 
general  law  already  disclosed.^ 

1  Ante.  p.  801. 
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The  appearances  of  the  opposite  walls  of  lodes 
having  been  already'  discussed,  I  shall  in  this  place 
consider 


THE    APPEARANCBS    AND  RELATIVE   POSITIONS   OF   THE 
ROCKS    AND    VEINS    WUlCH    FORM    THE    OPPOSITE 

WALLS   OP    CROSS-VEINS. 

It  is  frequently  asserted,  as  a  fact  not  admitting  of 
dispute,  that  when  one  vein  traverses  another,  the 
severing  is  newer  than  the  severed  vein ;  and,  con- 
sequently, that  the  portions  of  the  latter  lying  on 
opposite  sides  of  the  former  were  once  united :  but, 
if  this  be  true,  it  necessarily  follows  that  a  perfect 
and  exact  coincidence  will  be  found  between  the 
dimensions  and  configuration  of  these  parts ;  and, 
also,  that  the  portions  of  different  veins  divided  by 
the  same  cross-vein  will  be  found  to  preserve,  on 
both  sides  of  it,  the  same  relative  distances  from 
each  other,  either  at  the  same  level  when  the  frac- 
ture has  produced  a  simple  separation,  or  at  different 
ones  when  one  or  both  of  the  severed  portions  have 
undergone  any  motion,  either  at  the  time  of  fracture, 
or  subsequently. 

No  part  of  our  enquiry  is  more  important  than 
this.  For  if  this  coincidence  can  be  established,  we 
have  only  to  ascertain  the  relative  positions  of  the 
severed  portions  of  any  vein  divided  by  another,  and 
we  have  a  guide  to  the  respective  situations  of  all 

m^mmmmm^mmt  >     «  ■  ■  ■ i  i ■    ■  i        ■  i  i  i         i         i  i 

I  Ante,  p.  196. 
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other  veins  intersected  by  the  same  cross-vein : — at 
least,  of  all  within  moderate  limits. 

The  heave  of  one  lode  by  a  cross-vein  being  known, 
we  have  in  this  coincidence  a  sure  and  infallible 
guide, — an  unavoidable,  necessary,  and  unerring  law, 
which  will  at  once  indicate  in  what  directions  and  at 
what  distances  all  other  lodes  heaved  by  the  same 
cross-vein  may  be  re-discovered. 

I  need  not  enlarge  on  the  value  and  importance  of 
such  a  discovery ;  for  by  it  the  doubts  and  perplex- 
ities with  which  practical  miners  have  been  for  ages 
beset,  will  be  at  once  removed,  and  the  fruitless  cost 
80  often  incurred  in  trying  to  solve  the  question  of 
their  mutual  dependence  will  for  ever  be  avoided ; 
since  the  re-discovery  of  a  lode  heaved  by  a  cross- 
vein,  instead  of  requiring  experience  and  observa- 
tion, will  henceforward  be  merely  a  matter  of  simple 
computation. 

But  it  is  not  by  the  examination  of  any  siif^le 
heave,  or  of  any  number  of  heaves  taken  each  singly, 
that  the  truth  or  falsehood  of  this  position  can  be 
established,  or  that  we  can  make  manifest  the 
resemblance  or  dissimilarity  of  the  divided  portions 
of  the  same  lode,  or  of  the  relative  distances  of  dif- 
ferent lodes  on  opposite  sides  of  the  same  cross-vein. 
For  if  we  assume  that  a  motion  has  taken  place  to 
such  an  extent  and  in  such  direction  as  may  be 
requisite,  we  may  solve,  at  least  within  certain 
moderate  limits,  the  problem  of  any  single  heave. 
The  difficulty,  however,  lies  in  the  mutual  connexion 
of  several  heaves,  for  the  motion  which  will  reduce 
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one  series  of  displacements  to  a  tolerable  continuity 
may  be  found  to  increase  our  difficulties  respecting 
other  heaves  by  the  same  cross-vein.  It  is,  therefore, 
only  by  a  comparison  of  several  intersections  by  the 
same  cross-vein,  at  the  same  and  at  different  levels, 
that  we  can  hope  to  arrive  at  truth  or  certainty.  In 
making  this  comparison  I  shall  confine  myself  to 
examples  in  which  the  identity  of  the  veins  is  be- 
yond dispute;  and  I  now  proceed  to  the^details 
which  I  think  will  supply  ample  materials  for  the 
confirmation  or  rejection  of  this  theory. 

(a.)  At  Wheal  Bolton,  the  Middle  lode  dips  to- 
wards the  south,  and  the  south  lode  towards  the 
north,  yet  the  cross-course  heaves  both  towards  the 
right  hand, — the  former  18  feet,  and  the  latter  12 
feet :  and  beside  being  so  heaved,  both  of  them  ac- 
company the  cross-course  for  several  fathoms. 

(b.)  At  Stray  Park,  the  north  lode  dips  towards 
the  south,  and  the  south  lode  towards  the  north,  yet 
at  certain  levels  both  are  heaved  towards  the  right 
hand  by  the  Boundary  cross-course,  and  also  towards 
the  left  hand  by  the  M€u:hine  cross-course  ;  at  other 
levels,  however,  these  lodes  are  simply  intersected 
by  the  cross-courses. 

At  146  fathoms  deep,  the  south  lode  is  2  feet  wide 
on  the  western  side  of  the  Boundary  cross-course,  but 
on  its  eastern  side  the  lode  is  6  feet  in  breadth :  thus 
whilst  the  south  wall  of  the  lode  seems  merely  inter- 
sected, the  north  one  appears  to  be  heaved  4  feet. 

(c.)  At  Cook's-MtcJien,  Dunkin*s  lode  dips  to  the 
south,  and  the  Middle  Engine  lode  towards  the 

zz2 
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north,  hut  both  arc  heated  to  the  right  hand  by  the 
lAttle  cross-conrsey  which  also  intersects  one  elvan- 
conrxe  on  the  north,  and  another  on  the  south  of 
the  lides^  but  heaves  neither  of  them. 

(d.)  At  North  Roskear,  the  Cauuier  lode  dips 
southward,  and  both  the  Engine  and  south  lodes 
towards  the  north,  but  the  cross-course  simply  inter* 
sects  the  two  last,  whilst  it  heaves  the  first  8  feet 
towards  the  left  hand. 

(^.)  At  Car  drew  Downs  ^  the  south  lode  dips  to 
the  north,  and  the  north  lode  towards  the  south, 
and  between  them  is  an  elvan-course  dipping  south- 
west, from  which  several  veins  strike  off  into  the 
adjacent  slate.  The  /odes,  the  ehofi^course,  and  the 
veins  of  ehan  are  all  traversed  by  the  LUtleJlucan; 
but  whilst  the  elvans  are  simply  intersected,  both 
lodes  are  heaved  towards  the  right  hand, — the  for- 
mer 21  feet,  and  the  latter  15  feet.  In  the  same 
mine  the  Great  flucan  simply  intersects  the  same 
elvan-course  and  its  off-shoots,  whilst  it  heaves  the 
south  lode  100  feet  towards  the  right  hand. 

{/.)  At  Wheal  Unity  Wood,  the  flucan  simply 
intersects  the  elvan-course,  whilst  it  heaves  Pits^n- 
vollar  lode  21  feet,  Trefusis  lode  12  feet,  and  the 
Little  ore  lode  from  30  to  36  feet,  all  towards  the 
left  hand.  The  elvan  and  all  three  lodes  dip  north- 
wards. 

(g.)  At  Wheal  Prudence,  the  elnan*eaurs&  and  the 
north  lode  dip  to  the  north,  and  the  south  lode  to- 
wards the  south.  The  cross'-eourse  heaves  aft  of  them 
towards  the  right  hand,  the  ehm^  3a  feet,  the  north 
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lode  9  feet^  and  the  south  lode  a  distance  varying 
from  1 8  to  30  feet  at  different  levels. 

(Ji.)  At  Polberrow,  the  eastern  cross-course  heaves 
the  Pye  and  North  Seal  Hole  lodes  each  9  feet,  and 
the  South  House  and  Great  Gossan  lodes  each  12 
feet :  the  first  two  dip  towards  the  north,  and  the 
two  last  towards  the  south,  and  all  of  them  at  dif- 
ferent  angles, — nevertheless  they  are  all  heaved  to* 
wards  the  right  hand. 

(i.)  In  the  western  part  of  the  Consolidated  Mines 
Tiddy's  cross-course  simply  intersects  an  elvan-course 
which  dips  north-west,  and  also  Glovef^s  branch 
which  dipa  towards  the  south,  with  a  very  variable 
inclination ;  but  it  heaves  MichelVs  lode,  which  also 
dips  southward,  3  feet  towards  the  right  hand ;  and 
PauVs  lode,  which  dips  towards  the  north,  from  15 
to  18  feet  in  the  same  direction.  In  the  correspond- 
ing part  of  the  United  Mines  (south  of  the  Consoli- 
dated) the  same  cross-course  heaves  the  Old  lode  8 
feet  towards  the  right  hand  at  one  level,  and  6  feet 
to  the  left  at  another:  it  also  heaves  the  Mundic 
lode,  which  dips  northward,  9  feet  towards  the  right 
band,  and  Gellard*s  north  and  south  lodes,  which 
have  a  southerly  dip,  each  6  feet  towards  the  left 

(J.)  The  western  flucam,  in  East  Wheal  Damsel, 
heaves  both  lodes  72  feet  towards  the  right  hand, 
although  they  dip  in  opposite  directions ;  whilst 
Stevens's  Jbtcan,  at  different  levels,  heaves  them  to 
different  distances,  but  always  towards  the  left  hand. 

{i^  At  Wheal  Union,  the  traum,  at  43  fathoms 
deep,  is  in  three  veins,  which,  above  and  below  that 
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level,  are  united  into  one ;  but,  whether  separate  or 
united,  at  their  intersections  Wheal  Gwens  lode  is 
always  heaved  towards  the  right  hand.  Where  the 
trawn  is  single  at  one  level  the  heave  is  36  feet,  at 
the  next  25  feet,  and  at  the  third,  where  it  divides, 
one  vein  heaves  the  lode  1*5  foot,  the  second  8  feet, 
and  the  third  24  feet.  The  western  trawn  heaves 
the  same  lode  6  feet  in  the  same  direction. 

(/.)  At  Wheal  Vor,  at  40  and  60  fathoms  deep, 
the  Main  lode  is  heaved,  respectively,  24  and  27  feet 
by  the  eastern  cross-course,  which,  at  140  fathoms 
deep,  divides  into  two  veins.  The  heaves  have  been 
already  particularized.^  Those  by  the  western  vein, 
both  at  150  and  170  fathoms  deep,  are  30  feet;  and 
of  the  heaves  by  the  eastern,  the  distance  is  9  feet 
at  150  fathoms  deep,  5  feet  at  170  fathoms,  and  7 
feet  at  1 80  fathoms.  All  the  heaves,  whether  by  the 
whole  cross-course,  or  by  its  separate  veins,  are 
towards  the  left  hand.  By  Woolf*s  cross-course, 
however,  the  same  lode  is  heaved  towards  the  right 
hand,  and,  on  an  average,  about  50*5  feet.  PL  F., 
Fig.  8. 

(m,)  At  the  United  Mines,  Skue^s  Jlucan  heaves 
the  Old  lode,  which  dips  north  60^ — 70^,  6  feet ;  a 
branch,  which  inclines  south  70^ — 80°,  6  feet;  a 
second  branch,  dipping  30° — 40°  in  the  same  direc- 
tion, 2  feet ;  the  Middle  lode,  which  is  there  per- 
pendicular, 5  feet ;  MicheWs  lode,  which  dips  south 
70° — 80°,  6  inches ;  a  branch,  which  also  dips  south 
70°— 84°,  1  foot ;  and  the  Mundic  lode,  which  dips 

1  Ante,  p.  811. 
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north  60^ — 70"^,  7  feet :  all  these  heaves  are  towards 
the  right  hand.  But  it  heaves  in  the  opposite  direc- 
tion the  following  lodes: — Bawdeiis  south  lode, 
which  dips  south  60® — 70^,18  feet;  three  veins 
of  Bawderis  lode,  which  underlie  south  70® — 73®, 
each  18  feet;  Nicholas  branchy  dipping  south 
60® — 72®,  18  feet ;  Polhinghorne's  lode,  which  dips 
north  65® — 76®,  6  feet ;  and,  lastly,  a  branch  which 
dips  south  60—74®,  6  feet. 

(«.)  At  Herlandt  Wheal  Bailey  cross-course,  and 
Chambers's  eastern  and  western  flucans  heave  the 
lodes  towards  the  left  hand ;  whilst  all  the  cross- 
veins  west  of  them,  which  produce  heaves,  in  the 
greater  number  of  instances  do  so  towards  the 
right  hand,  but  few  of  them  to  more  than  an  incon- 
siderable extent. 

(o.)  At  Polladras  Dovons,  all  the  lodes  dip  north- 
ward, and  the  Jlucan  heaves  them  all  towards  the 
right  hand ;  but  the  distances  are  not  generally  alike 
for  different  lodes,  or  even  for  the  same  lode  at  dif- 
ferent levels. 

(p.)  At  18  fathoms  deep,  in  Duffield,  the  €  astern 
cross-course  simply  intersects  the  south  lode,  whilst 
it  heaves  the  Little  north  lode  9  feet  towards  the 
left  hand ;  between  thel^e  lodes,  however,  Holman's 
lode  intersects  the  cross-course,  and  heaves  it  3  feet 
towards  the  left  hand.  All  the  hdes  have  a  north- 
erly inclination. 

(3^.)  At  Fowey  Consols,  the  cross-course  simply 
intersects  Boners  and  J^ery's  lodes ;  it  next  heaves 
Crosspark  lode  towards  the  right  hand,  but  different 
distances  at  different  depths :  Williams's  lode  heaves 
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the  cross-course  4  feet  towards  the  left  hand ;  the 
cross-course  then  intersects  TratharCs  lode,  and  at 
some  levels  heaves  it  towards  the  right  hand ;  and, 
lastly,  it  heaves  the  Black  lode  1 1  feet  towards  the 
left  hand. 

(r.)  At  Tincrqfty  the  Old  lode  dips  northward, 
and  simply  intersects  the  eastern  cross-course.  The 
same  cross-course  then  heaves  Highburrow  lode, 
which  dips  south,  1  foot  towards  the  right  hand;  it 
next  intersects  a  mass  of  granite,  and  also  an  eltan- 
course  which  dips  northward,  but  heaves  neither  of 
them.  It  then  crosses  two  granite  veins,  one  dip- 
ping north  and  the  other  south,  and  afterwards 
Martinis  lode,  which  dips  north,  heaving  all  three 
towards  the  right  hand.  On  meeting  Dunkin's  lode, 
at  26  fathoms  deep,  the  cross-course  is  heaved  4  feet 
towards  the  right  hand  ;  whilst,  at  84  fathoms,  the 
same  cross-course  heaves  the  same  lode  4  feet  also 
towards  the  right  hand ;  and,  lastly,  the  cross-course 
heaves  the  south  lode,  which  dips  northward,  2  feet 
in  the  same  direction. 

Thus  the  heaves  of  two  lodes  by  the  cross-course 
lie  between  two  intersections  of  the  same  cross- 
course  by  two  other  loeles ;  whilst  one  of  the  inter- 
sections of  the  cross-course  by  a  lode  is  included 
between  two  heaves  of  lodes  by  the  crass-course. 
PL  VI.,  Fig.  6. 

(s.)  In  the  well-known  case  at  DolcoatV^  (PL  VL, 

I  This  most  important  series  of  intetsectioiis  was  first  brought  mndsr  my 
notice  by  the  kindness  of  Capt  Petherick.  It  is  figand  ia  Br.  Boairt 
*'  Primary  Geology,*'  p.  190,  fig.  2S ;  and  It  his  also  bean  deteribed  bf  wt, 
Edin.  New  PhiL  Journal,  xxU.  (ISM),  p.  16S ;  and  Raport  of  tb«  Bildrii 
Association  (1S87),  p.  74. 
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Fig.  2),  Entral  north  lode  heaves  Wheal  Bryant 
cross-course  9  feet  towards  the  right  hand ;  the  same 
cross-course  heaves  two  veins,  one  12  and  the  other 
30  feet  towards  the  right  hand,  and  the  western 
portion  of  the  latter  is  in  elvan,  whilst  the  eastern  is 
in  slate:  the  cross-course  traverses  but  does  not 
heave  the  elvan-course. 

In  the  same  mine,  at  56  and  76  fathoms  deep,  the 
Gaunter  hde  heaves  Harriett's  lode,  respectively,  6 
feet  and  4  feet ;  but,  at  96  fathoms,  Harriette's  lode 
heaves  the  Caunter  lode  90  feet,  and,  at  116  fathoms, 
120  feet  (PL  VI.,  Fig.  3,). 

(/.)  The  Carhona,  at  Saint  Ives  Consols,  has  been 
already  described,^  and  also  its  intersection  by  the 
Middle  trawn?  It  is  necessary,  however,  to  repeat 
here  a  few  particulars.  At  80  fathoms  deep,  the 
Car  bona,  deviating  from  its  usual  direction  (S.E.), 
takes  that  of  the  Middle  trawn,  and  accompanies 
it  for  25  fathoms.  Within  a  few  fathoms  of  this 
junction  the  trawn  partakes  of,  and  indeed  almost 
assumes,  the  mineral  character  of  the  Carbona. 
The  Carbona  then  strikes  off  in  a  N.E.  direction, 
and  leaves  the  trawn,  which  soon  resumes  its  origi- 
nal composition.  The  Carbona^  on  the  eastern  side, 
is  enormously  larger  than  on  the  western  side  of 
the  trawn* 

(u.)    At   Wheal  Providence,  the  eastern  flucan 

1  Awtef  p.  21.  s  ^fUe,  p.  812. 

8  In  this  most  interesting  spot  some  very  cnrlons  formations  of  quartz  have 
been  lately  found.  They  seem  as  if  they  had  originally  enclosed  hexagonal 
prisms ;  and  these  being  remoyed,  there  remain  cape  formed  of  quartz,  coated 
both  within  and  without  with  small  pyramidal  crystals  of  the  same  substance. 
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heaves  the  Caunter  lode  6  feet  towards  the  right 
hand  at  30  fathoms  deep,  and  10  feet  towards  the 
left  at  48  and  58  fathoms. 

(t;.)  At  12  fathoms  deep,  in  Wheal  Robert,  the 
cross-course  heaves  the  Ore  lode  6  feet  towards  the 
left  hand,  and,  at  24  fathoms,  18  feet  in  the  opposite 
direction. 

(tr.)  At  West  Pink,  the  Lead  vein  heaves  Carrow's 
Gossan  lode  5  feet  towards  the  left  hand  at  25  fathoms 
deep  ;  but,  at  59  fathoms,  Carrow's  Gossan  lode 
heaves  the  Lead  vein  60  feet  towards  the  right. 

{x.)  At  the  Morvah  and  Zennor  Mines,  the  lode 
and  north^ourse  twice  intersect  each  other. 

(y.)  At  112  fathoms  deep,  in  Great  Work,  the 
cross-course  heaves  Wheal  Breage  lode  1  foot  to  the 
left  hand,  and  at  132  fathoms  simply  intersects  it ; 
whilst,  at  an  intermediate  spot  (122  fathoms),  the  lode 
divides  the  cross-course,  although  it  does  not  heave  it. 

(z.)  At  Trevaskus,  the  hde  intersects  both  the 
eastern  and  u^estem  cross-courses,  but  it  heaves  neither 
of  them. 

(aa.)  At  Wheal  Trannack,  the  cross-course,  at  34 
fathoms  deep,  is  perpendicular,  and  is  heat>ed  2  feet 
towards  the  left  hand  by  the  lode  ;  at  64  fathoms  it 
is  also  perpendicular,  and  there  it  is  simply  inter- 
sected ;  whilst,  at  74  fathoms,  it  dips  east  84^,  and  is 
again  heaved  by  the  lode  0  feet  towards  the  left  hand. 

(bb.)  At  the  Marazion  Mines,  Godolphin,  asd 
Dolcoathj  some  of  the  cross-veins,  which  do  not  ap- 
pear at  the  surlSEice,  at  certain  depths  below  heave 
the  lodes. 
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(cc.)  At  Relistian,  on  the  other  hand^  the  flucauj 
from  the  surface  to  125  fathoms  deep,  intersects,  and 
in  one  spot  heaves^  the  lode ;  but,  beneath  that  level, 
it  wholly  disappears. 

(jid.)  At  Wheal  Duller,  the  cross-veins,  which  inter- 
sect some  lodes,  although  cutting  them  at  all  depths, 
do  not  reach  to  other  parallel  lodes  at  very  small 
distances  from  those  intersected. 

(ee.)  At  Poldory  (United  Mines),  several  small 
flucans  intersect  and  sometimes  heave  the  lodes ;  but 
they  do  so  only  in  certain  parts  of  their  descent, 
and  not  only  disappear  upwards  and  downwards, 
but  are  also  of  very  short  lengths,  for  those  which 
intersect  one  lode  seldom  extend  to  any  other: — 
certain  cross-veins  being>  as  it  were>  peculiar  to  some 
lodes,  and  not  continuing  far  from  them. 

(jf.)  At  Polgooth,  Heskilling  Great  elvan  heaves 
both  Saint  Martin's  and  Screed's  lodes,  whilst  Saint 
Martin's  lode  intersects  the  Little  elvan,  which  in 
every  Kspect  but  its  si^e  resemble  Heskilling  Ghreat 
elvan. 

(gg.)  The  only  other  class  of  facts  which  seems 
to  bear  on  this  enquiry,  but  the  evidence  of  which 
is  of  an  inferential  kind,  la  that  comprizing  the 
heaves  oi  the  lodes  at  Balnoon  and  Dongas,  which 
take  place  without  the  inta^vention  of  a  joint  of 
rock/  or  of  a  cross^vein,  or  any  otker  iiiterMctiag 
body  whatever. 

Let  us  now  proceed  to  consider  how  far  these 

I  .      I    pi^^y^^i—i y  iiiii      ■■111        ■>>  III'     ■■^^^^■^     I  ■  I  I      I  ■  ■  >  I  i         I    ■         f  »  I,      ..  ■  ■ 

1  Dr.  Boase,  Cora.  Geo.  Trans.,  iv.  p.  448. 
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heaves  and  intersections  can  be  reconciled  \vith  any 
assumed  motions ;  either  on  real  planes,  as  those  of 
the  cross'veins,  or  on  imaginary  ones  adopted  for  the 
sake  of  argument  alone. 

If  we  grant  that  the  formation  of  lodes  was  prior 
to  that  of  cross-veins, 

I.  The  intersection  of  a  single  lode  by  a  single  cross- 
vein,  whether  the  result  be  a  simple  intersection,  or 
a  heave  to  the  right  hand  or  to  the  left,  is  easy  of 
solution. 

A  simple  intersection  might  be  effected  by  the 
mere  opening  of  a  fissure,  and  the  introduction  into 
it  of  materials  forming  a  cross-vein.  Or,  if  the  lode 
were  perfectly  straight  in  its  descent,  the  same  result 
would  be  produced  by  the  elevation  of  the  portion 
of  the  lode  (and  of  course  of  the  containing  rock 
also)  on  one  side  of  the  cross-vein,  or  by  the  sub- 
sidence of  that  on  the  other: — ^provided  that  the 
motion  took  place  in  a  direction  parallel  to  the  dip 
of  the  lode ;  as,  for  example,  a  vertical  motion  and 
a  perpendicular  lode.  But  lodes  are  never  perfectly 
straight,  but  are  curved  and  irregular  when  seen 
in  profile. 

If,  then,  there  be  either  an  elevation  of  one  side 
of  a  cross-vein,  or  a  depression  of  the  other,  it  would 
be  a  circumstance  scarcely  to  be  deemed  accidental 
that  the  curvatures  should  occur  in  such  regularly 
recurring  and  perfectly  similar  series,  and  that  the 
degree  of  motion  should  be  so  adapted  to  them,  that 
one  of  them  should  be  raised,  or  the  other  lowered, 
so  as  to  preserve  a  perfect  coincidence  with  another. 
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and  thus  retain  the  continuity  which,  in  its  primal 
state,  had  existed  at  a  different  level.  Yet  these 
coincidences  (if  either  vertical  or  oblique  motion 
has  ever  taken  place)  form  22-7  per  cent,  of  the 
total  number  of  intersections.^ 

Again,  the  heave  of  a  lode  by  a  cross-vein  may  be 
occasioned  either  by  a  horizontal,  vertical,  diagonal, 
or  curvilinear  motion  of  the  portion  on  either  side, 
or  on  both  sides,  of  the  cross-vein. 

(1.)  A  simple  horizontal  motion  will  occasion  an 
equal  displacement  at  all  depths,  which  almost  every 
fact  we  have  considered  (b^  i^j,  A,  Z,  ^c.,)  shows  to 
be  rarely,  if  ever,  the  case. 

In  all  other  kinds  or  directions  of  motion  the  ex- 
tent or  distance  of  the  heave  (displacement)  depends 
on  the  angle  included  between  the  line  of  dip  of  the 
lode,  and  that  of  the  direction  of  the  motion,  and 
also  on  the  extent  of  the  motion. 

(2.)  I.et  the  superfices  AB,  A^B^  A^B^  PL  XII., 
Fig.  1,  2,  respectively,  be  the  surface  or  ground- 
plan,  supposed  to  have  formerly  been  at  one  level ; 
yZ,  Y^Z^  Y^Z^  the  vertical  planes  exposed  by  the 
respective  subsidences  of  A^B^  and  A^B^ : — a,  a\  a^ 
the  superficial  portions  of  the  same  vein  wj^ietftf^re 
originally  united  at  the  same  lev©1.4>'5]Sjj^  ji^  js^  the 
profiles  or  transverse  sections^  which  show  the  in- 
clinations, or  downward  courses,  of  the  respective 
parts. 

Now,  supposing  the  original  state  restored,  and 
AB,  A^B^  A^B^  to  be  on  the  same  level ;  let  us 

1  Ante,  p.  286. 
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imagine  a  fracture  to  take  place  in  the  direction  w  x, 
and  at  the  same  time  the  portions  A^B^  and  A^B^ 
(which  are  still  united)  to  subside  on  the  line  or  in 
the  direction  op.  It  is  obvious  that  the  portion 
or  end  of  the  lode  a^  in  the  subsided  portion  A^B^ 
A'B^  (by  subsiding  in  the  direction  op,  instead  of 
0  9i  which  is  the  dip  of  the  lode),  will  not  be  found 
at  p  in  contact  with  ohq,  the  portion  of  lode  con- 
tained in  the  mass  of  rock  AB,  TZ.  Therefore  the 
lode  has  suffered  a  heave  towards  the  right  hand»  the 
extent  of  which  is  the  distance  p  q ;  and,  as  the  lode 
is  straight,  this  extent  is  the  same  at  all  levels. 

We  will  now  suppose  a  second  fissure  to  be  form- 
ed on  the  line  y  z,  and  the  portions  of  rock  AB,  and 
A'B\  with  the  lode  they  contain,  to  be  stationary, 
and  the  mass  A*B^  to  subside  still  further,  but  that 
the  line  of  subsidence  is  now  parallel  to  the  dip  of 
the  lode  &\  in  the  direction  of  r  8,  instead  of  being 
oblique  to  it,  as  in  the  last  instance.  As  the  dip  of 
the  lode  is  perfectly  uniform,  the  superficial  portion 
a*  will  continue  in  contact  with  b^  at  s,  and  conse- 
quently there  will  be  no  heave  at  that  point. 

It  needs  but  little  consideration  to  discover  that 
the  Very  same  results  must  be  necessarily  obtained 
whether  AB  be  the  fixed  mass,  and  A'B',  A^B\ 
subside ;  or  whether  A^B'  be  the  stationary  porticm, 
and  A^B\  AB,  are  elevated :  provided  only  that  the 
lines  of  motion  be  still  r  s  and  op,  respectively^ 

Neither  will  it  require  much  inspection  to  see 
that  it  does  not  signify  whether  the  motion  op  be 
vertical  or  diagonal ;  fm  a  heave  must  of  necessity 
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take  place  whenever  the  lines  of  motion  and  of  dip 
do  not  correspond :  and,  this  being  the  case,  the 
greater  the  extent  of  elevation  or  subsidence^  the 
greater  will  be  the  distance  of  the  heave. 

On  the  other  hand,  it  is  equally  clear  that  if  the 
lode  be  perfectly  straight,  and  the  lines  of  motion  of 
the  mass  and  dip  of  the  lode  coincide,  as  in  r  s,  the 
amount  of  the  motion  is  immaterial ;  for  whatever 
it  may  be,  no  heave  can  possibly  take  place  so  long 
as  this  correspondence  continues. 

Let  us  now  examine  a  case  in  which  the  dip  of 
the  lode  shall  be  irregular,  and  see  what  should  be 
the  direction  of  the  motion  which  would  occasion 
simple  intersections  at  some  levels  and  heaces  at 
others,  but  all  the  heaves  in  the  same  direction* 

Now  it  is  evident,  that  with  a  vertical  motion  cp 
(PL  XII.,  Fig.  3),  no  very  obliquely  inclined  vein 
can  ever  be  simply  intersected  at  one  part  of  its 
downward  course  and  heaved  at  another ;  for,  if  the 
direction  of  the  dip  remain  the  same,  the  direction 
of  the  movement  tends  to  separate  the  severed  por- 
tions at  all  parts  of  their  descent.  And  the  lower 
part  of  the  elevated  portion  can  be  brought  into 
contact  with,  or  opposition  to,  the  upper  portion  of 
the  stationary  one  so  as  to  cause  a  simple  intersec- 
tion, only  by  a  change  in  the  direction  of  the  motion, 
or  by  reversing  the  dip  of  the  locle. 

If,  however,  the  dip  be  in  opposite  directions,  in 
different  parts  of  the  lode's  descent,  then  not  only 
may  a  vertical  movement  of  the  portion  on  one  side 
of  the  fissure  (or  cross-vein)  produoe  simple  inter- 
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sections  at  some  depths  and  heaves  at  others,  but 
the  heaves  at  different  levels  may  even  be  in  opposite 
directions ;  and  this  is,  of  course,  the  more  likely  to 
occur  the  closer  the  approach  to  parallelism  between 
the  dip  of  the  lode  and  the  direction  of  the  motion. 
Let  AB  (PL  XII.y  Fig.  4,)  denote  the  original 
position  of  the  surface,  and  abb  the  lod^  in  its 
original  place,  some  parts  of  it  dipping  north,  others 
south.  Let  A^B'  be  the  present  position  of  the 
surface  which  has  been  elevated  from  the  level  of 
AB,  and  a^  b^  V  the  portion  of  the  lode  contained 
in  the  mass  A}W.  Let  it  also  be  supposed  that 
A'B'  stands  beyond  AB,  as  well  as  above  it ;  and 
that  they  are  separated  by  a  cross-vein :  and  also  that 
the  motion  has  been  a  vertical  one  from  p  to  o. 
Then  at  the  surface  of  AB  the  cross-vein  will  sim- 
ply intersect  the  lode,  and  will  continue  to  do  so  as  far 
downward  as  5 ;  from  bXob^  the  further  or  elevated 
portion  will  stand  on  the  right  of  the  unmoved  one, 
and,  consequently,  from  b  to  b^  the  heave  will  be  in 
that  direction,  although  differing  in  extent  at  dif- 
ferent levels.  As  portions  of  the  lode  with  opposite 
inclinations  are,  in  consequence  of  the  elevation, 
opposed  to  each  other  on  different  sides  of  the  cross- 
vein,  at  b^  these  severed  portions,  when  viewed  in 
profile,  will  appear  to  cross  each  other,  and  at  that 
point  a  simple  intersection  will  again  occur.  Below 
b^y  however,  the  elevated  portion  will  be  on  the  side 
opposite  to  that  which  it  occupied  above : — in  fact 
there  will  be  a  left-hand  heave  below  the  point  &^ 
and  a  right-hand  heave  above  it. 
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Though  a'  simple  case,  this  is,  however,  one  of 
very  uncommon  occurrence ;  for  I  have  met  with 
but  three  examples^  of  heaves  of  the  same  lode  by 
the  same  cross-vein,  which  are  in  opposite  directions 
at  different  levels :  viz.,  at  the  United  Mines,  Wheal 
Robert,  and  Wheal  Providence  (i,  v,  u,),  and  as  they 
form  so  small  a  proportion,  it  seems  scarcely  necessary 
to  pursue  this  point  further. 

(3.)  Instead  of  a  vertical  motion  we  will  now 
consider  one  on  a  line  passing  through  the  various 
flexures  of  the  lode,  and  which  shall,  in  fact,  be 
coincident  with  its  mean  dip. 

Let  AB  (PL  XIL,  Fig.  5,)  be  the  level  of  the 
surface  originally,  A^B^  that  to  which  that  portion  of 
it  has  been  elevated :  a,  b,  b,  b,  the  lode  in  the  former, 
and  a^,  V,  b^,  ¥,  that  in  the  latter,  curved  as  it  de- 
scends in  both  :  pro  the  direction  of  the  motion.  It 
is  obvious,  that  as  a,  b,  b,  b,  and  a^,  b^,  ¥,  b^,  were  ori- 
ginally united  and  continuous,  their  configuration 
must  be  alike ;  and  that,  during  the  motion  of  A^B^ 
with  the  lode  contained  in  it,  several  of  the  sinuosities 
of  the  latter  must  have  passed  similar  ones  in  the  for- 
mer ;  until  finally  from  a  to  ¥  the  heave  is  towards 
the  right  hand :  at  ¥  the  lodes  cross,  and  there  is  a 
simple  intersection  only ;  from  b^  to  b  the  heave  is 
towards  the  left  hand,  and  at  b  there  is  a  second 
simple  intersection ;  from  b  to  ¥  the  heave  is  again 
to  the  right,  and  at  b^  a  third  simple  intersection 
occurs ;  from  ¥  to  b  there  is  again  a  right-hand 

1  Mr.  Came  describes  a  case  of  the  kind  at  Gunnis  Lake  (Corn.  Geo.  Trans, 
ii.  p.  99),  and  another  is  said  to  have  occurred  at  Scwth  Wheal  Towan, 
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heate  (for  at  6'  the  two  parts  of  the  veins  merely 
stand  opposite  to  each  other,  and  do  not  cross); 
at  h  there  is  a  fourth  simple  intersection ;  and  thence 
downward  there  is  a  left-hand  heme.  This  iteration 
of  contradictory  phenomena  is  thus  obtained  with  no 
greater  flexures,  in  a  direction  contrary  to  the  gen- 
eral dip,  than  are  common  in  lodes.  But,  although 
these  slight  reverses  often  occur,  a  reversed  dip  for 
any  great  extent  is  very  unusual ;  and  such  contra- 
dictory heaves  are  entirely  unknown  in  Cornwall. 

(4.)  We  will  now  see  how  far  the  results  of  cur- 
vilinear motion  will  agree  with  observation. 

The  centre  of  motion  must  be  either  at  the  sur- 
face, or  at  some  point  beneath  it. 

If  at  the  surface,  there  must  necessarily  be  a  sim- 
ple intersection  at  that  spot  (a,  PI.  XII.^  Fig.  6) ; 
whilst,  at  every  inferior  station,  there  must  be  a 
heave,  and  the  distance  of  the  heave  will  increase 
directly  as  the  depth. 

The  same  state  of  things,  but  in  a  reversed  order, 
must  also  take  place  should  the  centre  of  motion  be 
at  some  point  beneath  our  reach ;  for  in  such  a  case 
the  lieave  must  be  a  maximum  at  the  surface,  and 
diminish  as  we  approach  the  centre. 

In  either  case  all  the  heaves  will  be  in  the  same 
direction  at  all  depths. 

If,  however,  the  centre  of  motion  be  at  somie  point 
below  the  surface  (but  one  which  has  been  reached 
by  mining),  as  at  x,  PL  XII.,  Fig.  7 ;  then  at  that 
point  will  there  be  a  simple  intersection,  and  at  every 
other  a  heave.    Here,  also,  the  extent  of  the  keave 
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must^  of  course^  increase  the  further  it  is  situated 
from  the  centre  of  motion ;  whilst  all  the  heaves 
above  that  point  will  be  in  one  direction^  and  all  those 
below  it  in  the  other.  Thus^  if  we  suppose  the  por- 
tion a^,  ¥,  of  the  lode  to  be  further  from  us  than  a  b, 
then  the  heave  above  x  will  be  towards  the  right 
hand,  and  that  below  it  towards  the  left. 

It  has  been  already  stated^  that  we  possess  but 
three  examples  of  the  heaves  of  the  same  lode  by 
the  same  cross-vein,  which  are  in  opposite  directions 
at  different  levels :  two  of  these  {%,  v,)  have  been 
observed  at  only  one  spot  above^  and  another  below, 
the  neutral  point  Qc) :  in  the  third, — Wheal  Provi- 
dence, although  the  direction  of  the  heave  is  reversed 

« 

between  30  and  40  fathoms  deep,  yet  at  58  fathoms 
its  extent  is  the  same  (10  feet)  as  at  48  fathoms. 

Thus,  of  the  three  facts  (i,  u,  v,),  to  which  alone 
this  solution  can  possibly  apply,  two  do  not  furnish 
sufficient  evidence  to  determine  its  application,  and 
the  third  is  inconsistent  with  it. 

(5.)  What  then  must  be  the  conditions  of  dip  and 
motion,  in  the  heave  of  a  single  lode  by  a  single 
cross-vein,  that  will  occasion  simple  intersections  at 
some  levels,  and  heaves  at  others;  whilst,  at  the 
same  time,  all  the  heaves  shall  be  in  the  same 
direction  ? 

We  have  seen  that  neither  a  horizontal  (1),  verti- 
cal (2),  nor  curvilinear  (4)  motion,  nor  one  coinci- 
dent with  the  mean  dip  of  the  lode  (3),  will  satisfy 
the  conditions  demanded  by  the  greater  number  of 

1  Ante,  p.    314. 
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facts.  Let  us  now  assume  a  motion  which,  in  a 
single  case  at  least,  seems  likely  to  comply  with  them 
all :  although  there  seems  no  reason  for  presuming 
on  its  existence,  hut  that,  in  the  case  of  individual 
intersections  taken  singly,  it  will  comply  with  many 
of  the  facts. 

Let  A  B  (PL  XIL,  Fig.  8,)  denote  the  original 
position  of  the  surface,  a,  b,  b,  the  locle  ;  A^B^  the  new 
one  to  which  the  piece  beyond  AB,  including  the 
lode  a\  b\  b\  has  been  elevated ;  and  p  a  the  line  of 
motion,  which  includes  such  an  angle  with  the  dip 
of  the  lode  as  to  remove  every  part  of  a^,  b^,  b^,  so  far 
from  the  general  position  of  the  unmoved  portion, 
that  only  the  more  prominent  parts  of  both  the  seg- 
ments shall  be  in  contact  when  they  are  brought  into 
direct  opposition.  It  is  at  these  salient  points  only, 
as  at  b^,  b^,  that  there  is  a  simple  intersection ;  whilst, 
at  all  other  parts  of  the  downward  course,  the  heave 
is  towards  the  left  hand. 

We  have  already  seen  (3)  that  no  motion  parallel 
to  the  dip  of  the  lode  will  satisfy  the  conditions  be- 
fore  us ;  though  oblique  motion,  within  given  limits, 
will  afford  an  explanation.  Tet,  as  the  extent  of  the 
heave  depends  on  the  amount  of  the  motion,  if  that 
amount  be  unlimited,  the  mean  distances  of  the 
heaves  must  progressively  increase  as  they  recede 
from  a  given  point :  a  state  of  things  which  is  not 
found  to  prevail. 

It  is  obvious  that  if  the  line  of  motion  always 
includes  an  angle  with  the  same  side  of  the  lode, 
the  heave  at  all  levels  must  be  in  the  same  direction. 
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If^  however,  the  line  of  motion  pass  through  the 
undulations  of  the  lode^  leaving  some  of  them  on 
one  side  of  it,  and  some  on  the  other,  the  heave,  as 
previously  shewn  (3),  will  also,  of  necessity,  be  some- 
times towards  one  hand,  and  sometimes  towards  the 
opposite. 

II.  Let  us  now  apply  to  the  intersections  of  two 
or  more  lodes,  or  other  veins,  by  the  same  cross-vein, 
the  same  laws  which  have  been  assumed  to  prevail 
when  there  is  but  a  single  intersection. 

(1.)  In  the  event  of  a  horizontal  movement,  any 
number  of  veins  contained  in  the  mass  of  rock  dis- 
placed, should  be  always  heaved  to  the  same  distance 
in  every  instance,  and  for  the  same  extent  at  all 
levels :  but  this  result  never  occurs  (a,  d,  ej^,  g,  h,  i, 
m,  &c.). 

But,  although  a  horizontal  motion  will  not  accu- 
rately apply,  as  its  results  will  not  agree  with  the 
order  observed ;  it  will,  nevertheless,  produce  effects 
bearing  a  nearer  resemblance  to  the  facts  than  those 
following  motion  in  any  other  direction.  In  short, 
where  two  or  three  lodes  are  intersected  by  the  same 
cross^ein,  70*2  per  cent,  of  the  total  number  are 
heaved  in  the  same  direction ;  whilst  less  than  one 
per  cent,  is  heaved  to  the  opposite  side.  On  the 
other  hand,  of  the  cross-veins  which  traverse  two  or 
three  lodes  each,  8*8  per  cent,  simply  intersect  one 
of  the  lodes,  and  heave  the  rest.  And  in  almost 
innumerable  instances,  as  BiDolcoath,  CooJ^s-kitchen, 
the  United  and  Consolidated  Mines,  Car  drew  Doums, 
&c.  {s,  c,  i,  e,  &c.),  the  same  cross-veins  traverse  both 
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elvapi-courses  and  lodes ;  and,  whilst  the  former  are 
simply  intersected,  the  latter,  on  either  side  of  them, 
are  heaved. 

Notwithstanding  the  greater  number  of  lodes 
heaved  by  the  same  cross-veins  is  heaved  in  the  same 
directions,  it  seldom  or  never  happens  that  both,  or 
all,  of  them  are  lieaved  the  same  distance ;  which  is 
utterly  incompatible  with  the  supposition  of  their 
having  originated  in  horizontal  movements  {d,  e^f, 
g,h,ij,k,l,&c.). 

(2,)  If  two  lodes,  with  opposite  inclinations,  be 
transversely  fractured,  and  one  of  the  segments  ver- 
tically elevated,  whilst  the  other  remains  unmoved, 
the  lodes  must  be  heaved  in  opposite  directions  at 
all  levels.  This  is  a  physical  necessity,  and  it  is 
utterly  impossible  that  any  other  result  could  follow 
such  conditions. 

Let  AB,  PL  XII.,  Fig.  9, 10,  be  the  surface  of  a 
a  given  tract  in  its  original  position,  A^B^  that  of 
another  which  formerly  stood  at  the  same  level  with, 
and  was  united  to,  AB,  but  which  has  since  been 
elevated  vertically,  and  which  now  stands  beyond 
AB.  TZ  is  a  transverse  section  perpendicular,  or 
nearly  so,  to  AB,  and  Y^Z^  a  similar  one^  in  like 
circumstances  with  regard  to  A^B^ 

Let  also  a,  a^,  represent  the  superficial  parts  of  one 
vein  or  lode,  and  b,  b\  its  deeper  portion ;  c,  o\  tbe 
upper  parts  of  another  vein,  and  d,  d^,  the  lower' 
The  two  portions,  respectively,  of  either  vein  miist 
be  presumed  to  have  been  originally  united  4nd  oon- 
tinuous,  but  to  have  been  severed  at  the  oross-vem 
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to  X,  Jig.  10.  The  inclinations  of  the  two  veins^  it 
must  be  observed,  are  in  opposite  directions. 

We  will  suppose  the  original  state  of  things  re- 
stored ;  AB>  and  A^B\  on  the  same  level,  and  a,  a^, 
and  c,  c\  respectively,  united.  Let  A^  B*  be  now 
perpendicularly  elevated  from  p  to  o.  This  move- 
ment will  bring  a  portion  of  the  lower  parts  of  the 
lodes,  where  by  their  dips  towards  each  other  they 
are  closer  together,  opposite  the  upper  portion  where 
they  are  further  apart. 

Such  a  motion  will  evidently  break  the  continuity 
of  both ;  and  thus,  if  the  portion  above  p,  on  the 
line  w  X,  fig.  10,  were  removed  by  denudation  or 
any  other  cause,  the  surface  then  presented  would  be 
that  depicted  in  the  plan  (fig.  10).  In  short,  one 
lode  would  be  heaved  towards  the  right  hand,  as  a, 
a^,  and  the  other  to  the  left,  as  c,  c^.  These  results 
are  not  mere  probabilities,  but  physical  necessities, 
which,  and  which  alone,  must  inevitably  follow  a 
vertical  elevation  of  portions  of  lodes  having  oppo- 
site dips. 

In  this  case,  too,  there  can  never  be  a  simple  in- 
tersection unless  the  dip  is  reversed :  and  not  even 
then,  unless  the  elevation  be  to  such  an  extent  as 
will  directly  oppose  to  each  other  portions  which 
have  these  opposite  inclinations. 

The  examples,  therefore,  in  which  lodes  with 
opposite  inclinations  are  heaioed  in  the  same  direc- 
-  tions  {a,  b,  c,d,  e,f,g,&c.),  as  well  as  those  in  which 
there  are  heaves  at  some  levels,  and  simple  intersec- 
tions, wKSiout  reversed  dips  at  others  (b,  n,  q,),  are 
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equally  unaccounted  for  on  this  hypothesis.  The 
insufficiency  of  its  general  application  is  also  most 
decided  in  all  cases  where  the  cross-vein  heaves  the 
lodeSf  hut  simply  intersects  the  elvan-^ourses  which 
lie  between  them  (e,y,  g,  t,  />,  &c.).  These  con- 
tradictions, between  fact  and  theory,  nothing  can 
reconcile. 

(3.)  Let  us  now  take  an  example  in  which,  as  in 
the  last,  there  are  two  veins  having  opposite  incli- 
nations, with  a  third  vein  between  them  which  dips 
in  the  same  direction  as  one  of  the  others,  but  at  a 
different  angle.  Let  the  assumed  motion  be  parallel 
to  the  dip  of  the  latter. 

I  put  this  as  a  case  which,  in  some  respects  at 
least,  satisfies  the  conditions  left  unsolved  by  the 
last:  viz.,  two  lodes,  having  opposite  dips,  being 
heaved  in  the  same  direction,  whilst  a  third  (an 
elvan-course )  occurring  between  them  is  simply  in- 
tersected. 

Let  AB  (PI  XII.,  Fig.  11, 12),  as  in  the  last  case 
(2),  be  the  unmoved  surface,  and  A^B^  the  elevated 
one ;  YZ  the  unmoved  transverse  section,  and  Y^Z^ 
that  which  has  been  raised : — a,  a\  and  c,  c\  the 
superficial  parts  of  the  same  lodes,  which,  when  at 
the  same  level,  had  been  respectively  united ;  and 
e,  e^,  the  upper  portions  of  the  elvan-course,  once 
united,  and  still  unheaved :  b,  6\  d,  d^,  and  yjy ^  the 
deeper  parts  of  the  three  veins  respectively. 

Now,  if  A^B^  be  further  from  us  than  AB,  and  if 
we  suppose  it  to  be  elevated  on  the  line  s  r,  parallel 
to  the  dip  of  ^/\  and  the  superficial  portion  above 
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AB  removed  as  before  described ;  the  plan,  Jig.  12, 
will  present  an  idea  of  the  new  state  of  things ;  the 
cross-vein,  w  x,  having  been  formed  during  the  eleva- 
tory  action. 

w  X  will  break  the  continuity  of  a,  a^  and  c,  c\ 
and  heave  both  of  them ;  whilst,  as  the  motion  up- 
ward, on  the  line  s  r,  parallel  to  f^,  will  keep  e  and 
e^  still  in  contact  at  all  levels,  and  the  dip  remaining 
the  same,  this  third  vein  will  be  simply  intersected. 

Now,  as  e  dips  in  the  same  direction  as  c,  although 
not  at  the  same  angle,  whilst  a  has  an  opposite  in- 
clination, it  is  evident  that  as  the  movement  is  paral- 
lel to  y*^  that  vein  will  suffer  no  heave  ;  and  that  as 
the  dip  of  c  forms  a  smaller  angle  with  f^  than  (J) 
the  inclination  of  a  does,  the  heave  of  c  will  be  of 
smaller  extent  than  that  of  a. 

The  line  of  motion  {s  r)  being  oblique,  and  flatter 
than  d,d\  will  in  this  instance  occasion  the  heave  of 
c  to  be  towards  the  right  hand  as  well  as  that  of  a, 
instead  of  their  being  in  opposite  directions,  as 
would  be  the  effect  of  a  vertical  motion. 

This  agrees  with  the  facts  much  better  than  the 
hypothesis  of  a  vertical  movement :  but  we  can  ar- 
rive at  no  positive  proof  of  the  sufficiency  or  insuffi- 
ciency of  its  application  to  a  full  explanation  of  the 
observed  phenomena  of  heaves,  unless  by  comparing 
the  actual  motions  which  would  be  imparted  to  a^ 
and  c^,  in  examples  where  it  is  supposed  to  have 
been  parallel  to  the  dip  of  the  unheaved  vein. 

If  the  same  cross-vein  traverse  several  veins,  and 
simply  intersects  one  of  them  whilst  it  heaves  all  the 
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others,  and  if  these  displacements  have  been  occa- 
sioned by  an  elevation  of  one  side  of  the  cross-vein, 
or  a  subsidence  of  the  other,  it  is  evident  that  the 
direction  of  the  movement  must  have  been  parallel 
to  the  dip  of  the  vein  which  is  not  heaved:  and  what 
may  have  been  the  extent  of  the  motion  is  deter- 
mined by  the  distance  of  movement^  in  the  before- 
named  direction,  requisite  to  produce  heaves  of  the 
extent  observed.     In  other  words,  the  direction  of 
the  motion  is  from  s  to  r,  fig.  1 1 :  and,  in  order  to 
obtain  the  heaves,  a,  h^  and  c,  d^,  fig.  11,  or  a,  a^  and 
c,  c\  fig.  12,  its  extent  must  also  be  the  distance,  jr. 
Thus,  the  unlwaved  vein  indicates  the  direction,  and 
the  heaved  one  the  extent  of  the  motion. 

We  will  now  compare  the  observed  phenomena 
with  this  test,  in  order  to  see  whether  a  movement 
parallel  in  direction  to  the  dip  (/,  y  *,)  of  the  vein 
simply  intersected^  and  of  the  distance,  s  r,  whilst  it 
produces  the  observed  heave,  a,  a\  fig.  12,  will,  by  a 
motion  similar  both  in  direction  and  extent,  occasion 
at  c,  c\  a  heave  which  shall  correspond  with  observa- 
tion in  every  particular:  or,  on  the  other  hand^ 
whether  a  motion,  in  the  same  direction,  and  in  dis- 
tance sufficient  for  the  production  of  the  heave,  c,  c\ 
will  at  the  same  time  Iteave  a,  a^  in  such  a  direction, 
and  to  such  a  distance,  as  the  actual  fact  presents. 

(A.)    At  the  Consolidated  Mines  (Table  lxii.), 

Tiddy's  or  Paul's  cross-course  intersects  without 

lieaving  an  elvan-course,  which  dips  N.E.  50^,  and 

also  Glover's  lode,  which  dips  S.  50f —80^  ;  whilst 

it  heaves  Paulas  lode,  which  dips  N.W.  50^-^70"*, 
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from  15  to  l&feet  at  different  levels,  and  MicheWs 
lode,  which  dips  S.  80°,  3  feet,  and  both  of  them  to- 
wards the  right  hand  (j). 

We  have  here  two  veins,  the  elvan  and  Glover's 
lode,  dipping  in  opposite  directions,  and  both  simply 
intersected  ;  and  two  others  which  have  also  oppo- 
site inclinations,  and  are,  nevertheless,  heaved  in  the 
same  direction,  but  to  unequal  distances. 

Now,  a  horizontal  motion  (1)  would  have  heaved 
them  all  the  same  distance,  and  in  the  same  direc- 
tion ;  and  a  vertical  movement  (2)  would  have  heaved 
Glover's  and  MichelPs  lodes  in  one  direction,  and  the 
elvan-course  and  Paul's  lode  in  the  opposite :  whilst 
a  motion  on  the  line  of  inclination  of  Glover's  lode 
would  have  occasioned  a  heave  of  the  elvan-course, 
as  well  as  of  Paul's  and  Michell's  lodes ;  on  the 
other  hand,  if  the  line  of  elevation  or  subsidence 
had  coincided  with  the  dip  of  the  elvan-course,  it 
must  inevitably  have  heaved  Glover's  lode  (which  has 
an  opposite  dip  to  the  elvan),  together  with  Michelts 
and  PauTs  lodes. 

We  have  thus,  within  a  very  few  fathoms,  two 
sets  of  facts  equally  contradictory  to  each  other,  and 
to  all  the  directions  of  motion  we  have  yet  assumed : 
nor  does  any  circumstance  indicate  that  any  other 
motion  coflld  be  substituted  with  greater  probability 
of  overcoming  the  diflSculty. 

(B.)  At  Car  drew  Downs,  two  elvan^ourses  dip  W. 
50° — 60° :  both  of  them  are  intersected,  both  by  the 
Little  and  the  Great  flucans,  but  they  are  not  heaved 
by  either.  The  south  lode  dips  N.  60°— 80®,  and  the 
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north  lode  dips  S.  68^—82°.  The  Little  Jlucan 
hearcs  the  former  24  feet  at  50,  and  60  fathoms  deep, 
and  30  feet  at  100  fathoms;  and  the  latter  15  feet 
at  50,  70,  and  80  fathoms  deep,  and  12  feet  at  60 
fathoms.     All  the  heaves  are  towards  the  right  hand. 

Now,  if  the  hear.es  had  been  consequences  of  hori- 
zontal motion  (1),  not  only  would  all  of  them  have 
been  of  the  same  extent,  but  the  elvan-courses  would 
have  been  heaved  as  well  as  the  lodes.  If  the  motion 
had  been  a  vertical  one  (2),  the  lodes  would  have  been 
heaved  in  opposite  directions,  and  both  the  elvans 
would  have  been  heaved  also.  As,  however,  the 
elvans  are  not  Iteaved,  any  motion  must  have  been 
parallel  to  their  inclination  (sr,  PL  XII.,  Fig.  11). 
Now,  in  order  to  produce  a  lieave  of  24  feet  at  the 
south  lode  by  an  elevation  parallel  to  the  dip  of  the 
elvan,  a  movement  of  from  25  to  30  feet  in  extent 
is  requisite ;  whilst  a  motion,  similar  in  direction  and 
distance,  would  produce  a  heave  of  between  5  and  6 
feet  in  the  north  lode,  whereas  the  observed  heave  is 
15  feet.  This  discrepancy  between  the  computed 
and  observed  results  is  surely  inconsistent  with  acci- 
dental fluctuation  (e). 

(C.)  At  Wheal  Unity  Wood,  the  Great  elvan- 
course  dips  N.  40^ — 50^  ;  Trefusis  lode  also  dips  N. 
66^—82^ ;  the  Little  Ore  lode  likewise  dips  N. 
52° — 60°;  and  Pits-an-vollar  lode  incliaes  in  the 
same  direction  60° — 70°.  The  flucan  simply  inter- 
sects the  elvan-course  ;  whilst  it  heaves  Trefusis  lode 
36  feet  at  26  fathoms  deep,  and  30  feet  at  36  fathoms; 
— the  Little  Ore  lode  12  feet  at  60  fathoms  deep, 
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and  Pits-an-voUar  lode  21  feet  at  the  same  level.    In 
all  these  cases  the  heaves  are  towards  the  left  hand. 

The  elevatory  action^  if  any^  must>  of  course^  have 
been  parallel  to  the  dip  of  the  simply-intersected 
vein^ — the  elvan.  Now^  in  order  that  a  motion  in 
this  direction  should  produce  a  heave  of  36  feet  in 
Trefusis  lode  at  26  fathoms  deep,  the  extent  of  the 
movement  must  be  from  85  to  90  feet ;  whilst,  to 
produce  a  Jieave  of  30  feet,  in  the  same  lode,  at  36 
fathoms,  a  motion  of  only  about  55  in  the  same  di- 
rection would  be  requisite.  But  an  elevation  of  90 
feet,  in  a  direction  parallel  to  the  underlie  of  the 
elvan^  would  produce  a  heave  of  21  feet  in  the  Little 
Ore  lode  at  60  fathoms  deep,  and  one  of  55  feet 
would  occasion  a  heave  of  12  feet ;  whereas  the  same 
quantities  of  motion,  acting  in  the  like  direction  on 
Pits-an-vollar  lode  at  60  fathoms,  would  respectively 
cause  heaves  of  45  and  27  feet. 

Thus,  in  order  to  the  production  of  the  observed 
phenomena,  we  have  at  Trefusis  lode  these  scarcely 
compatible  conditions  : — either  the  direction  of  the 
motion  was  the  same  at  both,  and  its  extent  differ- 
ent, or  that  the  extent  of  motion  was  the  same  at 
both,  and  its  direction  different. 

The  same  extent  and  direction  of  motion  which 
will  produce  the  heave  observed  in  Trefusis  lode  at 
36  fathoms  deep,  will  also  give  the  real  heave  of  the 
Little  Ore  lode  at  60  fathoms ;  whilst  the  extent  of 
motion  necessary  to  obtain  the  heave  of  the  former 
at  26  fathoms  deep,  will  occasion  a  heave  of  21  feet 
in  the  latter ;  being  an  excess  of  9  feet  over  the 
observed  distance. 


36i       W.  J.  IIenwood,  on  the  Metalliferous 

If  the  motion  at  Pits-an-voUar  lode  at  60  fathoms 
deep  \vcre  of  similar  direction  and  extent  to  that 
assumed  to  have  acted  on  Trefusis  lode  at  26  fathoms 
deep,  the  heave  would  have  been  45  feet ;  or,  if  the 
same  as  that  at  36  fathoms,  it  would  have  been  27 
feet.  Now  the  observed  heave  is  21  feet ;  and,  in 
order  to  obtain  this  with  a  motion  parallel  to  the  un- 
heaved  vein  (the  elvan),  an  elevation  of  about  40  feet 
would  have  sufficed :  and  such  a  degree  of  motioD, 
at  the  same  depth,  would  have  occasioned  a  heave  of 
about  9  or  10  feet  in  the  Little  Ore  lode,  instead  of 
the  observed  distance  of  12  feet  {/). 

In  the  foregoing  examples  the  elvan-courses  are 
the  simply-intersected  veins :  it  may  now  be  desira- 
ble to  examine  a  few  in  which  the  unheaved  veins  are 
lodes. 

(D.)  At  Fowey  Consols,  at  90  fathoms  deep,  the 
cross-course  simply  intersects  Bone's  and  Jeffenjs 
lodes ;  but,  at  95  fathoms,  where  CrossparJc  lode  is 
in  two  veins,  it  heaves  one  of  them  9,  and  the  other 
15  feet  towards  the  right  hand,  and  at  200  fathoms, 
where  there  is  only  one  lode,  it  is  heaved  2  feet  in 
the  same  direction  {q). 

The  vein  of  Crosspark  lode,  which  in  dip  most 
closely  approximates  to  the  unheaved  lodes  (Bone's 
and  Jqffery's),  is  heaved  further,  whilst  the  other 
vein,  which  differs  most  from  them  in  inclination,  is 
heaved  the  smaller  distance ;  and  yet  the  difference 
in  the  inclinations  of  these  veins  is  only  about  three 
degrees.  Now,  taking  their  mean  dip  and  the  direc- 
tion of  the  movement  to  be  parallel  to  Bon^a  and 
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Jefferijs  lodes,  the  extent  of  motion  requisite  to  pro- 
duce a  heave  of  9  feet  would  be  about  26  fathoms; 
but>  to  obtain  a  heave  of  15  feet,  an  elevation  of 
nearly  39  fathoms  in  the  same  direction  would  be 
requisite.  Applying  these  directions  and  extents  of 
movement  to  the  lode  at  200  fathoms  deep,  where  it 
has  a  flatter  inclination,  a  motion  of  26  fathoms 
would  cause  a  heave  of  30  feet,  and  one  of  39 
fathoms  a  heave  of  39  feet :  the  actual  heave,  how- 
ever, is  only  2  feet . 

Here,  then,  we  have,  in  one  case,  that  lode  heaved 
furthest  which,  according  to  the  theory,  ought  to 
have  been  heaved  the  least;  and,  in  the  other,  a 
heave  of  only  2  feet,  whereas  the  hypothetical  motion 
demands  one  of  30  or  39  feet. 

For  the  present  I  pass  the  consideration  of  the 
heave  of  this  same  cross-course  by  Williams*s  lode, 
as  it  will  be  again  necessary  to  advert  to  it  (V.-3). 

(E.)  At  Stray  Park,  the  two  lodes  have  opposite 
dips,  and  both  are  intersected  by  the  same  cross- 
courses.  Now  a  horizontal  motion  (1)  would  have 
caused  similar  heaves  in  both  lodes  at  all  levels.  A 
vertical  motion  (2)  would  have  caused  them  to  be 
heaved  at  all  levels,  and  everywhere  in  opposite  di- 
rections. Any  movement,  parallel  to  the  dip  of  one 
of  them  (3),  would,  for  the  most  part,  have  simply 
intersected,  or  at  any  rate  but  slightly  heaved  it;^ 
whilst  its  effects  on  the  other  lode  would  have  been 
much  greater.  Lastly,  a  rotatory  motion  (4)  would 
have  produced  results,  constantly  increasing  in  mag- 

1  In  consequence  of  the  lodeU  dip  not  being  perfectly  nnifonn. 
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nitudc  as  the  spot  was  more  remote  from  the  neutral 
point  or  centre  of  motion. 

Let  us  compare  these  demands  of  theory  with  the 
facts  observed  : — At 

108  fms.  deep,  both  lodet  are  simply  intersected  by  one  cross-course, 
102         ,,  both  iodes  are  heaved  to  the  left  hand  by  one  cross- 

course,  and  to  the  right  by  the  other. 
178  )      ,,  both   loiles  are  simply  intersected   by  both   cross- 

188  )  courses. 

198         ,,         both  lodes  are  simply  intersected  by  one  cross-course. 

Similar  results,  at  the  same  levels  in  both  iod^s, 
whether  intersected  by  one  or  both  of  the  cross- 
courses,  appear  in  every  instance;  except  at  146 
fathoms  deep,  and  there  one  loile  is  simply  intersect- 
ed, whilst  the  other  is  fieaved  towards  the  left  hand. 

These  facts  seem  utterly  irreconcilable  with  the 
result  of  motion  in  any  one  single  direction  that  can 
possibly  be  assumed. 

But  we  have  not  always  simple  intersections  to 
indicate  the  directions  in  which  any  elevatory  forces 
must  have  acted.  In  the  absence  of  the  guidance 
such  examples  afford,  it  will  be  requisite  to  ascertain 
whether  the  observed  conditions  may  or  may  not  be 
fulfilled  by  motions  which  are  neither  horizontal, 
vertical,  nor  yet  coincident  with  the  dips  of  any  of 
the  veins,  but  oblique  to  them  all. 

Very  little  consideration  will  convince  us  that 
heaves  in  the  same  direction,  but  of  very  different 
distances,  may  in  this  manner  be  effected  by  motion 
of  the  same  extent  and  direction ;  as  it  will  act  on 
the  lodes  according  to  the  coincidence  or  obliquity 
between  their  dips  and  the  direction  of  the  movement 
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Such  a  state  of  things,  arbitrarily  selected  in  order 
to  suit  the  circumstances,  may  often  be  applied  to 
the  heaves  of  two  lodes  by  the  same  cross-vein,  when 
in  the  same  direction,  but  of  unequal  distances. 
But  the  sufficiency  or  insufficiency  of  this  hypothe- 
sis is  tested  by  its  affording,  or  not,  in  a  third,  fourth, 
or  fifth  intersection  by  the  same  cross-vein,  the  same 
coincidence  between  theory  and  fact  as  were  obtain- 
ed in  the  first  and  second. 

(F.)  At  Wheal  Prudence,  an  elvan-course  dips 
N.  45^,  and  appears  in  the  face  of  the  cliff:  the 
north  lode  dips  N.  68° — 80^,  and  the  south  lode  dips 
S.  68° — 85°.  The  cross-course  heaves  them  all  to- 
wards the  right  hand, — the  elvan-course  30  feet,  the 
north  lode  9  feet,  and  the  south  lode  distances  differ- 
ing at  different  levels,  and  varying  between  18  and 
30  feet  {g). 

A  horizontal  motion  would  have  lieaved  all  the 
veins  to  the  same  distance ;  a  vertical  movement 
would  have  heaved  the  south  lode  in  a  direction  op- 
posite to  the  others ;  and  a  motion  coincident  with 
the  dip  of  either  would  have  occasioned  a  simple 
intersection  of  that  vein,  and  heaves  in  the  other 
two :  all  which  results  are  opposed  to  the  facts. 

Now  an  elevation  on  a  line  which  might  dip  north- 
wards about  87°  from  the  horizon,  would,  by  an 
equal  extent  of  motion  (about  34  feet  in  both  cases), 
occasion  a  heave  of  30  feet  in  the  elvan-course,  and 
one  of  9  feet  in  the  north  lode,  both  of  which  accord 
with  observation.  When,  however,  we  apply  the 
same  extent  and  direction  of  motion  to  the  south 
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tode^  the  discordance  between  fact  and  theory  be- 
comes most  obvious,  and  is  shown  below : — 

Drpth.  CaleulaUd  ditt.  Ob^trved  dUL 

m  fms 14  feet 30  feet. 

W    14 18    „ 

100    „        12    , 30    „ 

110    „        12 21    „ 

The  failure  of  this  attempt  at  theoretical  explana- 
tion can  scarcely  be  rendered  more  striking. 

(G.)  At  PoUadras  DotoM,  all  the  lodes  dip  N.  :— 

the   Bor  lode  56^—80^;     Bissa  lode   60^—82^; 

Pressure  north  lode  56^ — 74^ ;    Pressure  south  lade 

56<>_82^;    and  Richards's  lode  72^—76^.      The 

flucan  heaves  them  all  towards  the  right  hand  (o). 

The  inclination  of  a  line  on  which  a  given  extent 
of  motion  will  produce  the  greatest  number  of  re- 
sults approximating  to  the  observed  facts,  is  about 
85^  towards  the  south  (from  the  horizon) ;  and  the 
extent  of  the  motion  required  is  about  17  or  18 
fathoms.  The  differences  between  the  calculated 
and  observed  distances  of  the  heaves  are  as  follow : — 

Deptht.  CalculaUd  ditt,  Okttrved  diit. 

Richards' »  lode      ..      13  fms 42  feet 42  feet. 

Pressure  S.  lode     . .      33    ..     42 


i»     •  •  •  •    •  -»^    ff 
43 40 


ft  •  •     ^^^   »>    ••••••  -xvr   ff  •••••• 

yy  •  I      OO    ff  ••••••   40   19      •••••• 

83    ..     60 


Pressure  N,  lode    . .  33  „     46  „ 

>»  •  •  ®3  „     78  „ 

Bissa  lode  ..  43  ,,     84  ,, 

Bor  lode  ..  73  „     42  „ 

ff  •  •  83  „     »  42  „ 

>»  •  •  03  ff  ••••••  oo  pf 

ff  •  •  103  fy  ....••  63  ff 


42 

fi 

42 

»» 

72 

II 

42 

u 

24 

>f 

72 

91 

64 

$f 

12 

f> 

12 

»> 

18 

f» 

24 

99 
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Thus,  of  12  heaves,  the  assumed  motions  coincide 
in  3  instances,  and  diflfer  from  the  observed  results  in 
the  remaining  9. 

If,  on  the  other  hand,  preserving  the  direction  of 
the  motion,  we  assume  its  extent  in  each  case  to  be 
equal  to  the  production  of  the  observed  results,  it 
will  be  as  follows : — 

Depth,  Extent  of  OeoatUm. 

13  fms 17*5  fms. 


Richards^  s  lode 

131 

fmi 

Pressure  S*  lode    .  • 

33 

» 

»»                                •  « 

Pressure  2V.  lode    . . 

43 
53 
83 
33 

99 
99 

Bissa  lode 

83 
43 

9> 
»9 

Bor  lode 

73 

9» 

99                                          •  ' 

83 

93 

103 

>> 

17-5 

9» 

20-0 

»» 

32-0 

99 

14-0 

>» 

8-6 

>> 

16-0 

>9 

17-5 

>> 

5-6 

9> 

6-0 

99 

6-6 

>» 

6*2 

» 

The  differences  here  are  certainly  not  less  than  in 
the  first  series  of  comparisons. 

Let  us  still  preserve  the  direction  of  the  move- 
ment, but  see  the  varying  extents  of  it  requisite  to 
produce  heaves  of  the  same  magnitude  at  all  the 
points  of  observation.  Let  the  extent  of  the  heave 
be  taken  at  42  feet,  which  is  about  the  mean  in  this 


mme  :— 

Richards^ 8  lode 
Pressure  S.  lode 


99 
99 
99 


Pressure  2V,  lode 


99 


Bissa  lode 
Bor  lode 


99 
99 
99 


Depth,  Extent  of  eUnation^ 

13  fms 17*5  fms. 

33 
43 
53 
83 
33 
83 
43 
73 
83 
93 
103 


99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 


17*5 

20-0 

18*0 

12*2 

16*5 

9*3 

9*5 

17*5 

17*5 

14*0 

11-3 

3n^ 
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At  Polberroio  Qi)  and  the  United  Mines  (jn)  similar 
diircrcnccs  occur. 

The  numher  of  examples  in  which  several  veins 
arc  intersected  by  the  same  cross-vein  is  but  few  ;  in 
all  of  them^  however,  it  will  be  found  that  no  motion 
in  one  direction,  and  of  the  same  extent,  will  restore 
the  continuity  of  every  vein  so  intersected  : — and  I 
must  here  repeat,  that  the  difficulty  is  in  the  connexion 
which  subsists  between  them. 

(4.)  A  curvilinear  motion  is  the  only  one  now  re- 
maining for  comparison  with  the  facts  observed.  In 
order  to  ascertain  the  effect  of  such  a  motion,  it  is 
necessary  to  have  particulars  at  different  distances, 
on  both  sides  of  the  presumed  centre.  These  details 
may  be  cither  the  directions  and  distances  of  heaves 
of  different  lodes  at  the  same  level,  or  of  the  same 
lode  at  several  levels. 

It  has  been  already  seen  (4^)  that  a  curvilinear 
motion  will  only  apply  to  heaves  which  progressively 
increase  in  magnitude,  or  to  those  which  are  in  op- 
posite directions  in  the  same  vein  at  different  depths, 
or  at  the  same  levels,  if  the  veins  be  different. 

No  example  of  a  progressive  increase  in  the  ex- 
tent of  a  heave  has  been  recorded. 

At  the  United  Mines  (m),  Skues's  flucan  heaves 
7  lodesy  which  occur  in  regular  sequence,  towards 
the  right  hand ;  and  7  others,  which  also  follow  each 
other  in  succession,  towards  the  left  hand.  Of  the 
first  seven,  2  dip  towards  the  nortlr,  1  is  perpendicu- 
lar, and  4  dip  S. ;  of  the  second  seven,  1  dips  N.  and 
6  dip  S. 

1  Antty  p.  352. 
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As  all  the  lodes  on  one  direction  from  a  given 
point  are  Jieaved  towards  the  right  hand^  and  all 
those  on  the  other  towards  the  left^  if  this  had  been 
occasioned  by  a  rotatory  motion^  the  lodes  furthest 
from  the  neutral  point,  axis,  or  centre  of  motion, 
would  have  suffered  a  movement  progressively  in- 
creasing in  extent :  consequently,  the  magnitude  of 
the  heaves  ought  to  increase  progressively  as  they 
are  situated  further  from  this  axis,  or  point  round 
which  the  motion  has  taken  place.  Now  the  four 
right-hand  Iieaves  which  are  furthest  from  this  point 
are  respectively  6, 6,  2,  and  5  feet  in  extent,  and  the 
four  left  hand  heaves ^  similarly  situated,  are  two  of 

6  feet  and  two  of  18  feet  each ;  whilst  the  lode  near- 
est to  the  point  of  division  on  one  side  is  heaved 

7  feet,  and  the  corresponding  one  on  the  other 
18  feet. 

Thus,  the  lodes  nearest  to  the  neutral  point  are 
heaved  further  than  those  which  are  most  distant : — 
facts  in  direct  opposition  to  the  theory. 

III.  When  the  same  lode  is  intersected  by  two 
cross-veins^  namely,  a,  a\  a^,  hywx  and  y  «,  PL  XII., 
Fig.  13,  if  the  portion  a^  contained  between  them 
be  the  only  one  moved,  any  motion,  excepting  one 
parallel  to  the  dip  of  the  lode  a,  a^,  a^  must,  neces- 
sarily, produce  two  heaves  in  opposite  directions; 
for  no  motion  of  a^  can  possibly  occasion  a  simple 
intersection  by  one  cross-vein  and  a  heave  by  the 
other.  • 

Of  55  lodes,  each  traversed  by  two  cross-t^eins, 
producing   110  intersections,  there  are  90  heaves. 
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Now  this  hypothesis  would  require  that  every  hde 
should  be  heaved  in  opposite  directions  by  the  two 
crosM-^eins  intersecting  it;  but  this  is  the  case 
with  only  42  of  them ;  and  the  remaining  48  are 
heaved  in  similar  directions.  Thus^  46*6  per  cent 
countenance  the  supposed  law  and  53*4  per  cent 
contradict  it ;  and  consequently  the  evidence  against 
it  preponderates. 

Suppose,  then,  a  series  of  heaves  of  the  same  lode, 
in  the  same  direction,  by  different  cross-veins  :  these 
must>  therefore,  be  occasioned  by  successive  steps ; 
or  the  masses  of  rock  which  contain  it  must  be  sup- 
posed to  have  suffered  a  series  of  elevations  each 
greater  than  the  preceding :  the  first  step  being  next 
to  the  unmoved  rock.    Thus,  at  PoUadras  Downs 
(o),  a  series  of  elevations,  successively  increasing  as 
we  go  westward,  will  afford  that  superficial  explana- 
tion which  we  have  already  seen  (G^)  is  contradicted 
by  a  more  minute  investigation.    A  similar  succes- 
sion of  movements  will  also  apply  to  the  Old  lode  at 
Poldory  ( United  Mines)  (t  m),  and  a  like  explana- 
tion will  apply  to  Wheal  Falmouth. 

At  Cook'S'kitchen  (c),  a  system  of  elevations  aug- 
menting as  they  are  followed  eastward  will  produce 
the  same  apparent  coincidences ;  and  similar  ones 
are  also  found  in  Wheal  Jewely  Wheal  Friendship, 
and  in  the  heaves  of  the  south  lode  at  Ca/rdrev> 
Downs  {e,  W). 

But,  when  the  heaves  by  succeftive  cross-veins  are 
in  opposite  directions,  certain  masses  of  rock  must 

1  AnU,  p.  368.  •  Anie,  p.  S61. 
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be  heavedy  and  others^  interposed  amongst  them^ 
remain  in  their  original  positions ;  as^  for  example, 
at  Herland  (n),  where  this  assumption  requires  that 
the  portion  contained  between  the  Ha^pennyflucan 
and  Chamberis  western  flucan  shall  not  have  been 
moved;  whilst,  at  every  cross-vein  west  of  the 
former,  there  shall  have  been,  successively,  an  eleva- 
tion more  considerable  as  we  go  westward,  and,  at 
every  cross-^ein  east  of  the  latter,  a  similar  one,  still 
increasing  in  magnitude,  as  we  go  eastward. 

At  Wheal  Vor  (/),  we  may  imagine  the  heaves  by 
the  two  portions  of  the  eastern  cross-bourse  to  have 
been  attended  by  depressions  westward ;  but  then 
we  must  require  that  the  part  between  Woo^*s  and 
Carleen  cross-bourses  shall  have  remained  stationary, 
whilst  the  part  west  of  the  latter  has  also  subsided. 
But  it  must  still  be  remembered  that  these  move- 
ments will  produce  only  an  apparent  agreement,  and 
explain  only  one  set  of  phenomena :  for  when  we 
compare  them  with  the  distances  of  the  heaves,  the 
resemblance  vanishes. 

These  movements  in  opposite  directions,  and  sta- 
tionary masses  interposed  between  others  which  have 
suffered  contradictory  motions,  certainly  require  a 
liberal  indulgence  of  imagination. 

But,  whether  the  two  cross-veins  be  wholly  sepa- 
rate and  distinct  ones,  or  whether  they  may  be 
branches  of  the  same  which  unite  and  form  one  vein 
at  other  places,^he  physical  necessity  that  their 
heaves  of  the  same  lode  must  be  in  opposite  direc- 
tions will  still  exist,  provided  the  only  mass  of  rock 
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moved  is  that  contained  between  them :  for  theory 
makes  the  extent  of  the  heaves  dependent  on  the 
inclination  of  the  lode  and  the  distance  of  the  mo- 
tion, as  we  have  already  so  often  seen.^ 

Now  the  spaces  at  present  occupied  by  the  crogi- 
reifis  are  supposed  to  have  been  fissures  originating 
in  the  movements  which  produced  the  lieaves  of 
loiles,  although  their  ingredients  may  have  been  in- 
troduced at  a  subsequent  period. 

At  Wheal  Union  (Je),  we  have  every  particular 
necessary  to  determine  whether  the  same  degree  and 
direction  of  motion  will  produce  fissures  of  the  same 
width  as  the  branches  of  the  cross-vein,  and,  at  the 
same  time,  heave  the  lode  to  the  extent,  and  in  the 
directions,  observed  at  the  different  levels. 

At  22  fathoms  deep,  the  tratvn  heaves  Wheal 
Gwens  lode  36  feet ;  and,  at  30  fathoms,  25  feet  : 
but  below  this  level  it  divides  into  three  veins,  of 
which  one  heaves  the  lode  1*5  foot;  the  second, 
8  feet ;  and  the  third,  24  feet :  in  all  cases  towards 
the  right  hand.  At  the  upper  edge  of  the  wedge- 
shaped  mass  of  rock  included  between  the  eastern 
and  middle  branches  of  the  trawn,  the  former  of 
them  is  6  inches  and  the  latter  3  feet  wide. 

Now,  in  order  to  the  production  of  fissures  of 
these  respective  dimensions  by  the  subsidence  of 
this  included  mass  of  rock,  in  a  direction,  o  p,  PL 
XII.f  Fig.  14,  parallel  to  a  line  uniting  its  present 
vertex  with  the  point  of  the  cavity,  at  o,  which  it 
must,  on  this  assumption,  be  presumed  to  have  ori- 

1  Ante,  pp.  847-860. 
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ginally  filled,  the  extent  of  the  subsidence  must  have 
been  about  3*75  feet. 

Again,  in  order  that  a  subsidence  of  this  wedge- 
shaped  portion^  to  that  extent,  should  produce  at 
43  fathoms  deep  the  observed  heave  of  1*5  foot  in 
the  lode  by  the  eastern  branch  of  the  tratvn,  the  di- 
rection of  the  fall  must  be  in  a  line  which  dips 
northward  about  72^  from  the  horizon. 

But  this  amount  and  direction  of  motion,  instead 
of  the  observed  results  of  25  and  36  feet  respectively 
at  30  and  22  fathoms  deep,  will  only  produce  heaves 
of  1*5  foot  and  1*3  foot* 

But,  if  the  direction  and  extent  of  the  motion  be 
the  same  in  all  cases,  the  mechanical  effects  will  be 
the  same  whatever  is  the  width  of  the  cross-vein,  or 
whether  it  consists  of  a  single  vein,  or  of  several. 

Let  us,  then,  assume  a  movement  in  the  direction 
already  named,  dipping  northward  72^,  but  of  a  suf- 
ficient magnitude  to  produce  a  heave  of  36  feet  at 
22  fathoms  deep :  the  extent  of  such  a  motion  must 
be  about  17*5  fathoms,  and  the  following  is  a  com- 
parison of  the  calculation  from  such  data  with  the 
facts  observed : — 

iHstmce  qf  heave, 
Depth,  Calculated,  Observed, 

22fms.     ..., 36  feet 36-0  feet. 

30 40    „  26-0   „ 

43   „         47    „         33-6   „ 

But  theory  requires  that  the  branches  of  the 
western  irawn  shall  be  attended  by  motions  succes- 
sively of  greater  magnitude  as  we  go  westward. 
But,  as  the  two  western  branches  have  a  westerly 
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dip,  any  subsidence  of  the  mass  (horse)  of  granite 
between  them  must  close  and  obliterate  any  openings 
or  fissures  with  a  very  much  smaller  extent  of  mo- 
tion than  is  requisite  for  the  production  of  the 
heaves.  These  theoretical  demands  are  in  direct 
contradiction  to  each  other ;  and  are  also  inconsis- 
tent with  the  prevailing  opinions/ — that  the  move- 
ments which  caused  Waeheaoes  were  contemporaneous 
with  the  origin  of  the  fissures  now  occupied  by  the 
eross^veins. 

At  140  fathoms  deep,  in  Wheal  Vor,  the  eastern 
cross'course  divides  into  two  veins,  which  diverge  as 
they  descend :  the  lode  passes  through  the  wedge- 
shaped  piece  of  rock  included  between  them,  and  is 
heaved  by  both  of  them  towards  the  left  hand.  The 
fracture  here  theoretically  assumed  would  have  per- 
mitted this  included  portion  to  have  subsided.  Now, 
at  the  point  of  divergence,  at  140  fathoms  deep,  the 
eastern  branch  of  the  cross-bourse  is  6  inches,  and 
the  western  3  feet,  in  breadth ;  and  the  extent  whidi 
the  wedge-shaped  mass  must  have  subsided  from  the 
position  it  filled  before  the  fracture,  in  order  that  it 
might  leave  a  vacuity  of  the  requisite  dimensions, 
would  be  about  13*5  feet. 

In  order  that  a  motion  of  13*5  feet  in  extent 
should  produce  a  heave  of  the  observed  distance  of 
9  feet  at  150  fathoms  deep,  the  direction  of  the  move- 
ment should  be  on  a  line  dipping  southward  shovX 
57^  from  the  horuson.  The  following  is  a  compari- 
son of  the  respective  distances  of  the  heaves,  whidif 

1  Mr.  De  la  Beche,  Report,  p.  Mf . 
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according  to  computation  will  be  produced  by  a 
movement  of  this  extent  and  direction^  with  the 
heaoes  observed : — 

Extent  qf  heave, 
J}§pth.  Caleulated  Obaervti, 

150  fins 9  feet 9  feet. 

170    „        10    „         6    „ 

180    „        9    „        7    „ 

Again^  the  following  shows  the  distance  of  the 
movement  necessary  to  occasion  the  heaves  observed 
at  the  different  points : — 

Depth*  Heaves  observed.  Extent  of  motion  required. 

150  fms 9  feet 13*5  feet. 

170    „        5    „         8-0    „ 

180    „        7    .,         lO'o    „ 

Trifling  as  the  actual  differences  are^  their  pro- 
portion to  the  total  amount  of  the  heaves  gives  them 
an  importance  they  would  not  have  otherwise  pos- 
sessed. 

Here^  too,  the  hypothesis  which  requires  the  sub- 
sidence of  the  portions  of  rock  included  between  the 
branches  of  the  cross-bourse,  and  also  of  that  between 
this  cross-bourse  and  Woolf's,  encounters  the  same 
incompatible  conditions,  which  require  for  the  pro- 
duction of  the  observed  heaves  such  an  extent  of 
motion  as  would  have  quite  obliterated  every  trace  of 
the  cross-bourse,  and  even  closed  every  fissure  which 
other  causes  might  have  produced  in  the  same  posi- 
tion. 

IV.  The  configuration  of  tJie  parts  qf  the  same 
lodes  in  contact  with  opposite  sides  qf  cross^veins. — 

The  impossibility,  with  very  few  exceptions,  of 
restoring  the  continuity  of  the  lodes  heaved  by  the 

3  e2 
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same  cross-vein,  by  any  one  single  motion  of  equal 
extent  in  all  the  cases,  naturally  leads  us  to  examine 
the  configuration  of  the  portions  of  the  same  lode 
on  opposite  sides  of  the  cross-vein,  that  we  may  as- 
certain whether  they  present  such  a  similarity  of 
outline  as  may  furnish  an  argument  in  this  enquiry. 

For,  had  they  been  originally  connected  and  con- 
tinuous, and  subsequently  separated  by  a  transverse 
fracture  accompanied  by  an  elevation  or  depression 
of  one  of  the  severed  portions,  on  delineating  the 
line  of  dip  of  both  portions  where  they  are  in  con- 
tact with  the  cross-vein,  we  should  expect  to  find 
that  they  had  a  perfectly  or  nearly  similar  outline; 
although  the  direction  of  any  movement  they  had 
undergone  might  not  allow  the  corresponding  parts 
to  be  found  at  the  same  levels. 

The  tables,  i. — xcviii.^  contain  sufficient  details  of 
the  inclinations  of  all  the  veins  described  to  furnish 
us  with  a  close  approximation  to  their  true  dips. 
Now,  if  the  underlie  of  a  lode  were  delineated,  and, 
at  successive  levels,  the  observed  distances  of  the 
heaves  were  marked,  and  these  fixed  points  were 
united  with  each  other  by  lines,  the  two  lines  (of 
inclination)  thus  obtained  ought  to  present  an  uni- 
formity of  contour :  and  the  parts  corresponding  in 
figure  should  be  found  at  the  same  or  at  different 
levels,  according  to  the  direction  of  the  motion 
which  had  affected  one  or  the  other  portion. 

PL  XII.,  Fig.  15, 16, 17,18, 19,20,  present  these 
comparisons ;  and  it  will  be  difficult,  if  not  impossi- 
ble, to  imagine  that  lines  so  utterly  dissimilar  could 
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ever  have  been  united  and  continuous  at  all  parts  of 
their  descent^  and  fractured  after  they  had  become 
perfectly  hardened. 

V.  The  evidence  of  the  relative  ages  of  veins  cfe- 
duced  from  their  intersections. — 

It  has  long^  been  strenuously  maintained,  that 
when  one  vein  intersects  another,  the  vein  intersect- 
ed is  older  than  that  which  intersects  it :  but  the 
district  under  consideration  affords  so  many  excep- 
tions to  the  generality  of  this  law,  that,  in  Cornwall 
at  least,  it  must  be  received  with  some  limitation.^ 

Whilst  the  mineral  composition  of  the  containing 
rocks  remains  the  same,  the  general  character  of  any 
given  vein,  whether  it  be  a  lode  or  a  cross-vein,  is 
usually  so  uniform,  that  there  can  be  but  little  doubt 
that  similar  portions  of  the  same  vein  are  of  the  same 
ages,  although  they  may  be  situate  at  some  distance 
from  each  other,  either  horizontally  or  vertically. 

(1.)  At  Ting  Tan^  and  Wheal  Friendship^, 
strings  of  vitreous  copper  ore  and  copper  pyrites 
pass  through  the  cross-veins  and  connect  together 
the  same  ores  existing  in  the  lode  on  either  side ; 
and,  at  East  Wheal  Rose^  lead  ore  is  found  under 
circumstances  precisely  similar. 

1  Dr.  Borlase,  Nat.  Hist,  of  Cornwall  (2Dd  edit.,  1758),  p.  162 :  Mr,  Pryce, 
Mineral  Comub.  (1778),  pp.  82-101 :  M.  Werner,  Theory  of  Mineral  Veins 
(1791),  p.  51 :  Mr.  Thomas,  Report  (1819),  p.  21 :  Mr.  Came,  Cornwall  Geo. 
Trans.  (1819),  ii.  p.  123  :  Mr.  Hawkins,  ibid,  p.  227 :  Prof.  Phillips,  Geology^ 
Cab,  Cyclop.  (1839,  No.  ci^i.),  ii,  p.  186:  Mr.  De  la  Beche,  Report  (1839), 
p.  353. 

2  'M  think  it  can  be  shown,  that  the  mere  foct  of  Intersection,  oaght  not 
'^  apart  from  other  considerations,  to  be  taken  as  evidence  of  the  relative  ages 
<<  of  veins/*    Mr.  R.  W.  Fox,  Report  Royal  Cornwall  Pol,  Sac,  (1836),  p.  48. 

d  Ante,  p.  270.  4  Ante,  p.  268. 
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(2.)  At  the  Consolidated  Mines}  two  quartz  rocks, 
which  fitted  exactly  into  each  other^  were  found  at 
the  two  ends  of  a  lode  heaved  by  eijlucan.  The 
flmcan,  in  the  intermediate  distance  of  7  fieet^  pre- 
sented a  horizontal  open  space  perfectly  correspond- 
ing with  the  contour  of  the  rocks  in  the  ends  of  the 
lode. 

(3.)  At  Fowey  Consols  {q\  Tincrqfi  (r),  and 
Ihfffield  {p),  the  cross-veins  which  heave  some  of  the 
lodes  are  themselves  heaved  by  other  loiies  exactly 
similar  in  composition ;  and,  in  short,  possess  all  the 
characters  common  to  the  lodes  which  are  heaved. 

(3-a.)  At  Polgooth  {ff ),  two  lodes  are  heaved  by 
one  elvan-course^  whilst  one  of  the  same  lodes  inter- 
sects another  elvan-course  in  every  respect  similar  to 
that  by  which  it  is  itself  intersected. 

(3 -ft.)  At  Wheal  Bellon,  one  of  the  tin  lodes  heaves 
two  others,  but  is  itself  also  heaved  by  another  tin 
lode.  The  ingredients  of  all  four  lodes  are  exactly 
alike. 

(4.)  At  Great  Work  (y),  Tincrqfi  (r),  the  Morvah 
and  Zennor  Mines  {x).  West  Pink  (w),  and  Dal- 
coath  (s),  the  veins  which  are  intersected  at  some 
levels,  at  other  levels  intersect  the  very  same  veins 
by  which  they  had  been  traversed. 

In  the  foregoing  examination  of  the  general  facts 
we  have  seen  that  every  attempt  has  failed  to  restore 
the  continuity  of  any  series  of  veins  traversed  by 
the  same  cross-veins  ;  since  any  one  motion^  uniform 
in  direction  and  extent,  will  be  followed  by  greater 

1  My  own  Paper,  Cornwall  Geo.  TVans.,  i^  p.  3S9. 
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discordances  in  the  relative  positions  of  the  portions 
on  opposite  sides^  than  those  which  at  present  sub- 
sist The  parts«  also>  in  contact  with  the  opposite 
sides  of  the  cross-veins  have  scarcely  the  faintest 
resemblance  in  contour  to  each  other ; — whether  the 
comparison  be  made  at  the  same  or  at  dififerent 
levels. 

It  has  also  been  shown  that  many  heaves  are  occa- 
sioned by  cross-veins  which  first  appear  at  considera- 
ble depths  below  the  surface  (J6) ;  others  by  cross- 
veins  which  dwindle  as  they  descend,  and  ultimately 
die  away  {cc) ;  and  that  some  of  the  cross-veins  seem  . 
peculiar,  or  confined  to  certain  lodes,  and  do  not  ex- 
tend to  parallel  ones,  however  near  (dd) ;  whilst 
others  appear  only  at  certain  levels  on  a  single  lode, 
and  disappear  upwards,  downwards,  and  at  either 
end  (ee). 

It  has  also  been  observed  that  there  are  breaks  in 
the  continuity  of  some  lodes,  which  are  re-discovered 
either  towards  the  right  or  left  hand,  although  neither 
cross-vein  nor  joint  of  the  rock  intervenes  (gg)* 

The  utter  impossibility  of  re-producing  continuity 
in  all  the  lodes  supposed  to  have  been  Aeaved  by  any  < 
one  motion,  uniform  both  in  direction  and  extent,  at 
all  spots  on  the  same  cross-vein,  seems  to  show,  deci- 
sively, that  the  heaves  can  never  have  originated  in 
movement  of  that  simple  and  general  character: 
even  making  the  utmost  allowance  for  minor  frac- 
tures and  modifications  by  other  local  causes. 

On  the  other  hand,  the  existence  of  heaves  where 
so  many  conditions  conclusively  prove  the  physical 
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impossibility  of  any  general  motion, — the  result  of 
a  great  transverse  fracture  of  the  strata  and  veins, 
demonstrates  that  no  such  great  and  general  disturb- 
ance is  necessary  and  indispensable  to  their  pro- 
duction. 

We  must  also  admit  that  in  some  cases^  the  cross- 
veins  are,  at  least,  as  old  as  the  ores  contained  in  the 
lodes  they  intersect ;  and  that,  in  one  example  (2),  a 
movement  has  taken  place  since  the  materials  of  the 
cross-vein  have  occupied  their  present  positions.  In 
some  instances,'  too,  the  ingredients  of  the  cross-veins 
and  of  the  adjoining  rocks  perfectly  correspond,  both 
in  mineral  composition  and  mechanical  structure. 

But  the  prevailing  opinion,  that  the  vein  intersect- 
ed must  be  older  than  that  which  traverses  it,' if 
still  maintained,  must  be  received  with  considerable 
limitation  :^  for  it  not  only  ascribes  different  ages  to 
neighbouring  veins  which  are  exactly  alike  in  every 
respect,  on  no  other  evidence  than  that  of  their  in- 
tersections (p,q,r,);  but,  whenever  two  veins  mutu- 
ally intersect  each  other  at  different  levels  (r,s,tv,x,y9), 
this  theory  places  its  supporters  in  the  dilemma  of 
requiring,  that  one  is  at  the  same  time  both  older  and 
newer  than  the  other. 


1  AnU,  p.  270.  S  Ante,  p.  263. 

S  Dr.  Borlase,  Nat.  HUt.  of  Cornwall  (2nd  edit.,  1768),  p.  152 :  Mr.  Pryce, 
Mineralog^a  Comab.  (1778)«  p.  101 :  M.  Werner,  Treatise  on  Mineral  VeiDB 
(1791),  p.  6S  :  Mr.  Thomas,  Report  (1819),  p.  21 :  Mr.  Came,  Cornwall  Geo. 
Trans.  (1819),  ii.  p.  123  :  Mr.  Hawkins,  ibid,  p.  232  :  Mr.  De  la  Becbe, 
Report  (1839),  p.  353  :  Prof.  Phillips,  Cab.  Cyolo.,  Geology  (No.  czi.,  1839), 
ii.  p.  130. 

^  Dr.  Boase,  Primary  Geology,  p.  365 :  Mr.  R,  W,  Fox,  Report  of  Royal 
Cornwall  Polytech.  Society  (1836),  p.  120. 
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In  the  pursuit^  therefore,  of  the  severed  portions 
of  lodes  which  have  been  heaved,  observation  and 
experience  are  still  our  only  guides. 

In  all  the  foregoing  investigations^  it  has  been 
assumed  that  any  motions  have  been  at  periods 
subsequent  to  that  at  which  the  rocks  became  per- 
fectly rigid  and  incompressible.  Indeed  it  would 
have  been  vain  to  have  attempted  an  explanation  of 
the  observed  facts,  on  purely  mechanical  principles, 
under  any  other  conditions. 

If  we  suppose  it  possible  for  the  rocks  to  have 
been  so  broken  that  each  hd^^^s  contained  in  a 
different  fragment,  and  that  these  minute  masses  had 
an  independent  motion,  in  any  direction  and  to  any 
extent  required;  although  such  movements  might, 
within  certain  limits,  have  afforded  any  desired  in- 
sults ;  yet  the  motions  in  different  directions  neces- 
sary to  the  production  of  the  observed  phenomena, 
in  different  portions,  would  often  have  required  that 
the  rocks  should,  in  some  spots,  have  suffered  much 
compression,  whilst  large  vacuities  must  have  been 
left  in  others.  Had  such  convulsions  ever  taken 
place,  traces  of  them  must  have  been  conspicuous ; — 
but,  in  fact,  nothing  of  the  kind  has  been  detected, — 
even  in  a  single  instance. 

1  The  principles  of  simple  mechanical  displacement  here  investigated  were 
held  by  M.  Schmidt.  They  have  been  examined  in  detail  by  M.  ZimmermanUy 
'<  Die  Wiederausrichtang  verworfener  G'ange,  Lager,  und  Flotze  "  (Leipzig^ 
1828); — more  generally  by  myself,  Proceedings  of  the  Geological  Society 
(1832),  i.  p.  406 :  Mr.  Hopkins,  Cambridge  Phil.  Trans.  (1835),  yi.  p.  58 : 
Mr.  Burr,  Mining  Review  (1836),  No.  viii.  p.  236  :  Mr.  R.  W.  Fox,  Report  of 
the  Royal  Cornwall  Polytech.  Soc.  (1836),  p.  120 :  myself,  Edin.  New  Phil. 
Journal  (1836),  xxii.  p.  161 ;  and  Reports  of  the  British  Assoc.  (1837),  p.  74 : 
Mr.  De  la  Beche,  Report  (1839),  p.  298 :  Prof.  Phillips,  Cab.  Cyclo.  Geology 
(No.  cxi.,  1839),ii.  p,  145, 
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wever,  the  movements  be  supposed  to 
lace  before  the  rocks  had  become  perf 
ill  fact,  whilst  they  were  in  a  state  which 
;egregatory  or  molecular  action,  the  que 
longer  he  one  of  simple  mechanical  disf 
but  rather  concern  those  forces  which  d 
e  movements  of  minute  particles  of  mi 
ther  any  actions  thus  arising  could  have  | 
the  diversified  phenomena  we  have  cons 
s  to  have  no  practical  bearing ;  and  ther 
0  part  of  this  enquiry. 

memoir  so  strictly  practical,  theoretical  i 
,  would  have  been  misplaced : — from  i 
e,  however  inviting,  and  even  from  thi 
thetical  language,  I  have  carefully  absta 
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for  few  topics  of  geological  investigation  have  given 
rise  to  greater  differences  of  opinion  than  those 
respecting  metalliferous  deposits.  Where,  however, 
it  has  been  necessary  to  differ  from  the  Authors  I 
have  quoted,  I  am  not  aware  that  I  have,  in  a  single 
instance,  been  wanting  in  fairness  or  courtesy.  Still, 
lest  any  should  complain  of  any  inadvertence,  I  here 
offer  my  apology  before  hand. 

With  the  exception  of  less  than  half-a-dozen  ex- 
amples, which  I  have  given  on  the  authority  of  others, 
and  to  all  which  I  have  affixed  the  names  of  my  in- 
formants,! may  claim  all  the  observations  as  my  own. 

It  may  be  iqfiagined  that  I  have  overlooked  many 
interesting  subjects  of  enquiry ;  and  also  that  I  have 
omitted  many  important  results  which  might  have 
been  recorded.  Some  topics  have  been  passed  over 
because  they  seemed  to  have  no  practical  value,  and 
I  was  unwilling,  by  needless  details,  to  withdraw 
attention  from  matters  of  general  utility  ;  and  either 
from  the  ruinous  state  of  ancient  workings,  or 
because  the  labours  of  the  miner  had  not  reached 
them,  the  points  of  greatest  interest  were  often  in- 
accessible :  whilst  the  thick  coatings  of  ferruginous 
stalagmite,  which  is  so  frequently  formed  from  de- 
composition, often  concealed  the  sides  of  the  (levels) 
galleries. 

I  must  confess  that,  in  a  few  instances,  I  have  not 
deemed  it  prudent  to  encounter  the  risk  of  decayed 
ladders  and  ill-supported  rubbish  :  but  in  many 
hundreds  of  others,  I  have  had  to  regret  that,  after 
long  and  toilsome  clambering  over  fallen  rocks  and 
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timber,  and  creeping  through  small  o; 
II  of  slime  and  water,  my  further  prog 
rrested  by  impassable  barriers  of  ruinou 
/hen  within  a  few  fathoms,  or  even  feet 

investigation,  of  which  the  results  a 
ted,  has  occupied  the  leisure  allowed 
engagements  ;  and  has  been  carried  on 
m  with,  and,  indeed,  in  furtherance 
tional  occupations,  during  the  last  fi 

in  which  time  I  have  examined  mo 
indred  mines,  and  travelled  undergroun 
ot  quite,  two  thousand  miles.  In  its  p 
y  life  has  been  frequently  in  imminent  t 
have  sustained  many  severe  injuries  :• 
■  no  more  than  allude  to  the  difficultiei 
ind  perils  to  which  1  have  been  expose 


APPENDIX. 

No.  1. 

Observations  on  Subterranean  Temperature  in  the 
Mines  of  Cor7iwall  and  Devon. 

My  Geological  Survey  of  the  Mines  in  the  Duchy 
of  Cornwall  afforded  many  opportunities  for  ob- 
servations on  subterranean  temperature^  of  which  I 
always  availed  myself. 

After  most  careful  consideration  of  the  subject^ 
and  consultation  with  others  who  have  also  been 
engaged  in  this  enquiry^  it  has  been  thought  best  to 
confine  the  observations^  as  much  as  possible^  to  the 
temperature  of  the  streams  of  water  immediately 
issuing  from  the  unbroken  portions  of  the  rocks  and 
veins. 

The  reasons  for  this  preference  are: — that  the 
temperature  of  the  air  in  mines  is  affected,  not  only 
by  the  presence  of  the  workmen^  the  combustion  of 
candles,  and  the  explosion  of  gunpowder,  but  also 
by  the  warm  or  cold  air  which  is  brought  to  the  same 
spot  by  the  varying  directions  of  the  currents  un- 
derground, which  are  more  or  less  influenced  by  the 
changes  of  wind  at  the  surface: — that  the  rocks, 
forming  the  sides  of  the  shafts  and  levels,  must,  to  a 
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extent,  partake  of  the  temperature  of  I 
jng  through  them ;  and,  of  course,  be  al 
banges : — and,  that  the  water  flowing  thi 
iing  in  pools,  in  the  levels,  is  exposed 
lodifying  causes,  and  probably,  also,  w; 
workmen  who  frequently  stand  in  it. 
II  these  causes  operate  irregularly,  it  is 
not  altogether  impossible,  to  select  any  d 
\  at  which  their  influence  should  be  the 
resent  observations  were  therefore  ma 
«r  as  it  issued  from  the  unbroken  rock, ' 
Jams  could  be  affected  by  the  temperat 
'els :  and  they  were,  for  the  most  part, 
where  frequent  excavations  scarcely  \ 
he  apertures  to  partake  of  that  infli 
the  more  deeply  seated  portions  of 
Is  are  perfectly  free  from  it. 
,  few  instances,  however,  the  tempera 


of  the  Mines  of  Cornwall  and  Devon.      380 


TABLE  No.  1. 


THE    SAINT   JUST    DISTRICT. 


Name  of  Mine,  Rock,  Appearance  of  Stream,  and 
Locality  of  observation. 


Wh^al  Cunning  (Granite). 

Small, 2  out  of  lode,  ends  

,,  ,f         bottom     . .         . .         . . 

Drawn  to  adit  by  engine  from 


Little  Bounds  (Granite). 

Small,  out  of  lode,  end  

„      pool  collected  in  the  adit 

Wheal  Edward  (Granite). 
Small,  pool  collected  from  droppings 

9>  99 


99 


Small,  out  of  lode 


Park-noweth  (Granite). 


y«  Af  ••  ••  ••  ■•  •• 

Drawn  to  adit  by  the  engine  . . 

Botallack  (Slate). 
Small,  out  of  lode  . . 

„  „         enu,  tt  ...         •  *         • . 

„      out  of  rock,  N.  of  lode 
Drawn  to  adit  by  engine  C Narrow)  from     . . 
„  „       (Crowns)    „ 

Wheal  Cock  (Slate). 
Small,  out  of  lode,  very  salt   . . 
Drawn  to  adit  by  engine  from 

Levant  (Slate). 
Small,  out  of  lode,  E, 

«•  mm  M\d»  ••  ••  ••  •• 

y^  ym  W  •  •    •  •   •  •    • 

Drawn  to  adit  by  engine  from     . . 

Boscaswell  Downs  (Granite). 
Collected  in  adit 
Small,  out  of  lode,  end,  W. 

„      collected  in  level 
Drawn  to  adit  by  engine  from 


•  • 


Depth 
fins. 


70 
90 
80' 


10 

65 
76 


21- 
44. 

64* 
61* 

99 


44. 
69* 
99- 

145* 


120 


24* 
138- 


26' 
116' 
166- 

9» 


Temp. 


66®-0 
69*'0 
5M»*0* 


49«'6 
62»-0 


63»*0 
59«'0 


50»-0 
61o»0 
51O-0 
67«*0 


510*0 

54«*0 

61«'0 

66<»0* 

59®'0 


69«-0 
62O'0* 


61«'0 
66'»*0 
67«*0 
61<>*0* 


49«*0 
69O'0 

ei^'-o 

61«'0* 


«  The  obserTations  thus  marked  are  not  included  in  the  averages  given  in  Tables  ii.,  iiL , 
iv.,  and  v. 

1  Observations  on  the  temperature  of  Botallack,  Little  Bounds,  and  Levant,  by  Dr.  Forbes, 
Dr.  Davy,  Dr.  Barham,  and  Mr.  R.  W.  Fox,  are  described,  Ck)m.  Geo.  Trans,  ii.  pp.  175, 178 ; 
ibid,  iii.  p.  161 ;  Edin.  Journal  of  Science,  iii.  p.  76 ;  Report  of  British  Assoc.,  vi.  p.  184. 

2  The  first  word  in  each  line  denotes  the  dimensions  of  the  stream ;  all  the  others  (8)  describe 
the  locality. 
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SAINT    JUBT    DISTRICT    caniinu«I. 

Nomg  of  lime.  Bofk.  ippeiininct  gf  SlMm,  ud 

■a? 

Sovth  n'AeQlAiMe  (Granite). 
of(«f^e^d,E 

adit  by  eagine  from           "    .. 

»i- 

G3' 
S5- 

THE   SAINT  rVES  DISTRICT.' 
iorvah  and  Zennor  Mines  (Granite). 

ofW(,ead,E 

of  (ru»n"         .'.    "           '"    ..    "    ..    "           "    .. 

of  lodt              ' 

adit  bj  engine  from           

Ding  Dons  (Granite). 

in  boltom  of  Bhnfl         

Treeidgia  (Gfmtite). 

a  level  frum  iMzing  uul  uf  lode 

38- 

40- 
60- 

79- 

S2- 

Bo«Tto(ifli»  (Granite). 

■ 
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SAINT   IVES    DISTRICT   continued. 


Name  of  Mine,  Rock,  Appearance  of  Stream,  and 
Locality  of  observation. 


Deptli 
ftns. 


Temp. 


Wheal  Reeth  (Granite). 

Small,  out  of  lode^  W 

Water,  a  hole  6  ins.  deep  in  Rock,  N.  voaU 

„       collected  in  bottom  of  shaft 

Small,  from  back  lode,  W 

Water,  a  hole  in  rock,  N.  wall,  W. 

„       collected  in  bottom  of  shaft  . . 
Small,  out  of  lode,  end,  £. 

„  „  „     W,    .  •  • .  . . 

„      out  of  rock  „      „ 
Drawn  to  adit  by  engine  from 

Wheal  Mary  (Granite). 
Small,  out  of  lode,  £•  

„  „  iT  •  •  •  •  •  •  • 

„  „  E.  . .         . .         . . 

Very  small,  out  of  rock,  S.  wall 
Drawn  to  adit  by  engine  from 


Lelant  Consols  (Granite). 
Small,  out  of  rock,  N.  wall 
,,         „      lode,  E.  ..         ••         .. 


Reeth  Consols  (Granite). 

Small,  out  of  lode,  W 

Moderate,    „         £.  

West  Poldice  (Slate). 

Small,  out  of  lode,  back,  E 

„  „      rock,  N.  tro// 

Large,    „      lode,  back,  E. 

Very  large  indeed,  out  of  rock,  N.  wall 

Halsetown,  a  well  in  granite  at  the  surface 


THE  MARAZION  DISTRICT.' 

Wheal  Elizabeth  (Slate). 

Small,  out  of  lode,  end,  W 

„         „      Mucan  

West  Godolphin  (Slate). 
Small,  out  of  lode,  end,  E 

Wheal  Bolton  (Slate). 
Small,  out  of  north  lode,  back,  E. 

„         „      middle  lode      „ 

„         „      rock,  S.  wail  

„         „      south  lode,  back 
Large,    „      caunterlode  

„         „      south  lode,  E, 

„         „      rock,  S.  waU  


2T- 
197- 
207' 

j> 
227- 

237' 

» 

247* 
207' 


10' 
21- 
61' 
71' 
91* 


33  < 

80< 


98- 
111 


44< 

» 
64< 

73 


63®'a 
65  ^'•O 
68«-5 
70*''0 
73*'«0 
69o*5 
71«-5 
76«-0 
76«-0 
66«»0* 


53«*0 

52«*0 

67«-0 

68«-25 

560-76* 


60«'5 


63««75 
63*»-75 


57®'0 

62«'0 

63<»«5 
470.0* 


54<"5 
66««0 


57*»*0 
63«'0 
63«'0 
61«»*0 
64«*0 
64«-0 
63«*0 


1  The  temperature  in  Wheal  Nepttim  was  obterred  by  Dr.  Foibaf,  Com.  Geo.  Tntnt.,  il.  p.  179. 
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Nimo  u(  MLqp,  Boct.  Aupjirance  o(  Stre»ni,  tiid 

DepU 

Jlospealh  (Slate). 

e,  out  of  i«fr,  e:          ..         

w 

adit  b}' engitiB  from 

Great  Wheal  Fortune  CA\a.te), 

aflode        

rock,  N.iPuil         

i«}e       "    *'..                    ..   "    ..   "   ..   "    .. 
ruck,  both  ira/b            

GwaUon  (Slate). 

orW*,bact,W 

E.               

ailil  by  eagiae  from 

Wkeal  DaTiinglan  (Slate>. 

of  rock            

.       novlh  ladt         

,                „         bolhBiiles          

,       nrek.^fms,  S.  of  Iwft           ..         :. 

„    9    „            „           

S2- 

"!;■ 

si- 

50- 

■ 
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Name  of  Mine,  1lock>  Appearance  of  Streanii  and 
Locality  of  observation. 


Wheal  Kayle  (Slate). 
Small,  out  of  lode,  two  spots  in  bottom  . . 

Herland  (Slate). 
Very  large,  out  of  SUoer  cross-course 
Small,  „      Manor        „ 

Drawn  to  adit  by  (Fancy)  engine  from 

Wheal  Alfred  (Slate). 
Mud  in  bottom  of  level  from  which  water  had  just  been  drawn 

Carzise  Consols  (Slate). 
Large,  out  of  rock,  N.  wall 
„  ,,      fOuc,  enQ,  £i>     •*         ••         ••         ••         *. 

Drawn  to  adit  by  engine  from 

Binner  Downs  (Slate). 
Small,  out  of  north  lode,  back 


99 
9i 
>» 


9* 


99 
99 


south  lode, 

rock,  N.  wall,  two  streams 
Moderate,  out  of  north  branch,  end,  W. 
„  „       south  lode,        „    E. 

„  „       north  branch    „    W 

Large,  jetting  out  of  south  lode,  „    £. 
„      out  of  „  bottom 

Very  large  indeed,  jetting  out  of  south  lode,  end,  W. 

Wheal  Strawberry  (Julia)  (Slate). 

Small,  out  of  lode,  end,  W 

E 


w 


99 


99 


Duffield  (  Weeth)  (Slate). 
Moderate,  out  of  lode,  S.  part 

N 
Drawn  to  adit  by  engine  from 

Godolphin  (Slate). 
Small,  out  of  lode,  back    . . 

Orchard  lode,  end,  W, 
Pearce^s  lode    „      „ 
rock,  near  Pearce*s  lode 
Pearce's  lode,  end,  W. 
bottom  of  Pearce's  shqft 
Sims' s  lode,  end,  W. 

„      E.  . , 

„    W. 
bottom  of  shaft     . . 


99 
99 

» 

99 


99 


99 
99 


Drawn  to  surface  by  engine  from 


» 


» 


Depth 
tvas. 


34* 


152' 


Temp. 


{ 


155. 

75* 

85* 

» 

50* 
96* 
126* 
136* 
156- 
16G* 
176' 
186- 

70* 

M 

79* 

98- 
» 

20* 

30* 

^0* 

»> 
70* 

80* 

» 
90* 

92* 


59<»*5 

770.Q 

8l*»-0 
66«*0* 

64*»*0 
660*0 

680*0 
660*0 
630*0* 

560'6 
65o»5 
670*0 
65O-0 
740-6 
760*0 
82O'0 
820.5 
830.0 
860.5 

600*0 
6O0.O 
6I0.6 


630*0 
64o»5 
610-2* 


530 
590 
580' 
580 
650 
660 
640 
660 
680 
70O 
670 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0* 


1  Obsenrations  on  the  temperature  of  WTieal  Abraham^  Crenver,  OaffttUd,  Trenontth, 
Wheal  Alfred,  fferland,  and  Reliatian  are  detailed  by  Mr.  Thomas  Lean,  Mr.  R.  W.  Fo:^ 
Dr.  Forbeg,  and  Mr.  M.  P.  Moyle;  PhU.  Mag.,  xlii.  p.  204;  Ck)mwaU  Geo.  Tran».,  IL  pp.  14- 
191-407-408-410-411-412;  ibid.  Ui.  pp.  317-828. 
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THE    HELSTON    DISTRICT. 


1 


NaiiM  of  If  ine.  Rock,  Appeftnuiee  of  Stxetan,  and 
LocAlity  of  obtenrmUoB. 


Depth 
fins. 


Tempw 


Great  Work  (Granite). 
SbaII,  from  WKaU  Brtage  Me,  iMtck 

„  „  end,  W.    .. 


» 


Great' Work  Me,  back 


Polladras  Daums  (Slate). 
Small,  from  Bar  lode,  end,  E.  . .         . 

BisM  lode,    „ 
Bor  lode,  end,  W.  . .         . 


n 


w 


Large, 


i> 


»» 


9* 


£. 


» 


Well  at  iorface,  between  Trew  and   Wheal  Vor  (in  slate), 

I8S8,  June  ISth  

„     July  18th  

Wheal  Vor,— 

Carleen  (Granite). 

Small,  out  of  Me,  end,  W.  

E.         


n 


»> 
>» 


Brawn  to  adit  by  engine  from 

Eastern  part  (Slate). 
Small,  out  of  lode,  back 
Lwrge,        „  E.  


„  „  „        . .         .  •         .  • 

„     out  of  a  hole  between  Me  and  rock,  E. 
Drawn  to  adit  by  engines  from    . . 


Wheal  Trewavas  (Granite). 
Small,  out  of  Way  Sowoh  lode 
Lurge,    „       rock  near  lode 

„         „       wuth  Me,  end,  £.  (salt) 
Drawn  to  adit  by  engine  from 

Wheal  Trannack  (Granite). 
Moderate,  out  of  Me,  end,  W 


Wheal  Trumpet  (Granite). 

Small,  oosing  from  Me  

„      out  of  lode,  back,  W.  •• 


Wheal  Ann  (Granite). 
Small,  out  of  Me,  £, 

„     Jetting  out  pf  Me,  E. 
Drawn  to  adit  by  engine  from 


96- 
132* 
142- 

» 

73- 

83- 

93- 

103- 

113- 


28- 
128- 
138- 
148' 


99 

190- 
230- 
240- 

99 

43- 

»» 
60- 

w 
74- 


128' 

148- 


12- 
142- 

99 


62*»-5 
64'»-0 
64«'-5 
64«'6 

61<>-0 
64^-0 
6S«»-5 

64«-5 

61*>0* 
48O-0* 


52«0 

ee^'-o 

68«-0 
69® -0 
69«0* 


68«»-6 
TS^-O 
81«»-0 

69*»0» 


61^-0 
61«^0 
57^-0 
66«-0* 


64<''5 


65''-02 
68*^-6 


52***5 
67«-0 


1  On  the  tempentnre  of  Whial  Vor,  Whml  Trumpet,  Treoenm,  and  Wheal  Mote,  ob- 
■ernitioni  by  Dr.  PortMi,  Mr.  X.  P.  Xoyle»  Dr.  Bartwm,  and  Mr.  R.  W.  Fox,  appev  ia  tiw 
Com.  Geo.  frank,  il.  pp.  185-400-411;  ibid,  ill.  pp.  lSl-318;  Fhfl.  Tyrant.  (1880%  p.  407. 

9  Thia  obterratioii  mad*  by  me  wai  titai  puUtdiod  by  Mr.  R.  W.  Fox,  Com.  Geo.  Tkaaf^ 
iU.  p.  818. 
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Name  of  Mine,  Rock,  Appearance  <^  Stnanif  and 
Locality  of  observatioB. 

Stray  Park  (Slate). 
Small,  out  of  lode,  back  of  end,  W 

Dolcoath  (Slate). 
Smally  oat  of  rock 

Cook^S'kitcken  (Granite). 

Drawn  to  adit  by  engine  from 

There  is  water  65  fathoms  deep  in  the  bottom  of  the  mine. 

Tincrofl^GraniiG  and  Slate). 

Large,  oat  of  crass-course,  S.  (granite)        

Small,  collected  in  bottom  of  level,  Higkburrow  lode  (sUiie)  . . 

South  Roskear  (Slate). 

Moderate,  jetting  oat  of  lode  

dmaii,  „  ••         ••         ••        ••        .. 

,,       out  of  lode                ..         ••         ..         •• 
Drawn  to  adit  by  engine  from 

North  Roskear  (Slate). 
Small,  oat  of  lode,  back         . .         .  •         . .         . . 

„      jetting  oat  of  lode,  end,  E,  ,4         

„      out  of  lode,  „  ••         ..         ..         .. 

9t  f>  end,W 

Drawn  to  adit  by  Wheal  Crqfty  engine  from  .  •         •  • 

East  Wheal  Crofty  (Slate). 

Small,  oat  of  Tretenson  lode        

„  „     rock,  20  fms.  N.  of  ^o(fe         

„  „      Chefry  Garden  lode,  back  

„  ,,  „  enci,  w  •  •  •         •  • 

„         „     Longclose  engine  lode        

„  „  „  water  in  a  hole  in  lode, 

„         „  „  back  of  level 

»  »  w  end  

This  observation  was  made  two  years  after  the  three  preceding 

it  and  after  the  mine  had  been  sank  30  fathoms  deeper. 
Small,  oat  of  Fane's  lode,  end 

„         „      Reeves  lode,  ..         ..         

„         „  „  . .         . .         . .         . . 

„         >,  „  two  years  after  the  preceding,  the 

mine  having  in  the  interval  been  sunk  30  fms.  deeper 

SmaU,  out  of  rock,  W.  

»>             M            N.  waU         . .         . . 
Drawn  to  adit  by  engine^rom  

East  Pool  (Slate). 

Large,  out  of  lode,  back,  £ 

„         „      cross-course,  nf^xttie  lode       ••         ..         •• 

1  The  teibperatares  in  Stray  Park,  DoUsoaih,  CooVi-kiMtm,  Tineroft, 
Ungton  hare  been  obseired  by  Mr.  R.  W.  Fox  and  Dr.  Forbes,  Ck>m.  Oeo. 
80-180 ;  ibid,  iii.  818. 

VOL.  V.  3h 


Depth 
ftns. 


Temp. 


188* 

IT* 

131' 


26' 
166< 


IIT- 
129' 
139* 

67* 
107- 
13T' 

99 
76' 


80 
99 

99 

85 

99 
99 
99 


86' 

lio- 
ns 


126- 
136  < 
150- 


62- 


»> 


73«*5 


52«'2 
65^*0 


62«'-0 
68®'0 
71«*0 
63«V 


61««0 
66®-0 
73*»*0 
70®*0 

eiO'O'^ 


61«-0 

62^«0 

63«'75 

62o«0 

630-6 

64««25 

66«*0 

60«-0 


57®-0 
680-5 
69«'0 

62*"0 
66«*5 
700-76 
68®«6* 


69«'0 

68«'6 


and  Wheal  WO- 
Tnuukt  IL  pp,  14- 
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CAMBORNE    DISTRICT   oontiiuwd. 


Nam*  of  Mine,  Rock,  Appettnuice  of  Sireun,  and 
Locality  of  obaerration. 

Cairn  Brea  Mines  (Granite). 
Large,  oot  of  lode^  end,  E.  

„  „       rock,  near  lode 

\try  large,  jetting  out  of  cross-courae 
Prawn  to  adit  by  engine  from 

Risleak-well  (in  granite),  at  surface,  about  420  ft,  above  the  sea 
Camborne- beacon  (granite),     „  „     620  „  „ 

Cairn- Brea- well  (in  granite),  near  the  Castle,  about  680  feet 

aboTethesea  • 


Depth 
tins. 


Temp. 


THE    REDRUTH    DISTRICT. 

Wheal  Uny  (Slate). 
Large,  out  of  lodty  W. 
Very  large,  „  E. 

Large,  out  of  rock,  S.  • 

Small     „       lodty  back 

Wheal  Butter  (Slate). 
Small,  out  of  rock,  two  spots 


>» 

19 

cro98-cour»e 

t> 

99 

Wheal  Beauchamp  lode 

Large, 

» 

91 

Small, 

99 

lOCKa       »»     •                                                  ■    •                          •    • 

» 

99 

Datey's  lode,  end,  W. 

}) 

99 

„             6  feet  from  end 

i> 

W 

rock  (eloan) 

Drawn  to  adit  by  Wheal  Buller  engine  from 

„  Wheal  Beauchamp  engine  from 

Tresavean  (Granite). 
Small,  out  of  lode,  end,  £. 


99 


>» 
»> 


» 


issuing  very  irregularly 
,,  ,,  eno,  £<•      •  •         •  •         •  • 

„      out  of  rock,  N.  wail 
Air,  in  bottom  of  a  winze 

Wheal  Vyvyan  (Granite). 
Small,  out  of  rock  ..         ..  •• 

•y  •■  CvUC  ••  ••  ••  •• 

Drawn  by  engine  firom 


99 
99 


131 

>» 
151 


65- 
72- 

81* 


29- 

» 
49' 

59- 

79* 

89' 

t> 
99- 

99 
99 


240- 
252' 
264' 

22' 

77* 

32 

42' 

52- 

62' 

77' 


60«»-75 

61<»'75 

63«'0 

63*'-5» 

52® -0* 

49«-0* 

48«'0» 


58«-3 
59«'0 
60O'0 
61*»-5 


62«-8 

52*^-8 

52«''8 

54'=»»0 

550-5 

69«S 

60O-5 

59«-5 

61«-0 

69«-0* 

58«-0* 


78«-0 

79«*76 

83«0 

85«-0 
84«'5 
86^*0* 


52°-0 
66«-6 
61«-0 
52«'6 
62*''6 
64«'6 
65««0 


1  In  the  Corn.  Geo.  Trani^  iL  pp.  14-80-405;  Ibid,  Hi.  pp.  814-815^17;  PhU.  Trans.  (1880), 
p.  407;  and  Reports  of  the  British  Association,  tI.  pp.  186-187,  iriU  be  found  observations  by 
Mr.  R.  W.  Fox,  If  r.  M.  P.  If  ojle,  and  mjself,  on  the  temperatures  of  Tmherby,  ChacmoaUr, 
Wh§ta  Qorland,  WJudl  Unity  Wood,  OnegbrmcM,  Wheal  Umity,  PoUUet,  tbB  United  and 
ComoHdated  Mins$,  Tinff  Tang,  Wheal  Squire,  Tretaivean,  Wheal  Danuel,  and  of  the  water 
discharged  by  the  great  adit  into  Camon  YaUey. 
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REDRUTH    DISTRICT    continued. 


Name  of  Mine»  Rock,  Appearance  of  Stream,  and 
Locality  of  observation. 


Depth 
fins. 


Temp. 


Pennance  (Slate). 
Drawn  to  surface  by  engine  from  

Cardrew  Downs  (Slate), 
Moderate,  out  of  lode,  end  

Chacewater  Mine  (Slate). 
Large,  out  of  lode,  end,  E 

sniaijy         ••  '..     <v «  ..         ..         **         *•         •• 

ff         ,f       rocK       ..         *•         ..         «•         .*         *• 

Poldice  (Slate;. 

Small,  out  of  lode,  end,  W 

»  „  „    £.     •  • 

Wheal  Jewel  (Granite). 
Small,  out  of  lode,  end,  W.  

East  Wheal  Damsel  (Granite). 
Small,  jetting  ont  of  north  lode,  end,  W 

„      out  of  north  lode,      „  •  •         •  • 

„  „      eouthlode,      ,»    E. 

Drawn  to  adit  by  engine  from 

Consolidated  Mines  (Slate), — 

( Western  district,  West  Wheal  Virgin), 
Air,  at  end  of  level  (Monday  Morning) 
Moderate,  out  of  Taylor's  lode,  end,  W.  

„  ,,  oacK,  jcj.      .  •         •  •         .  • 

Large,  „  end,  £.  

„                           ,,                 „    w,       . .         . .         . , 
Air,  at  end,  E.,  on  Taylor's  lode  

„  W.,  „ 

Moderate,  oat  of  south  branch,  bottom 

,f  „  back 

Water  collected  at  bottom  of  Davey's  engine-shaft 

(Middle  district,  EcLst  Wheal  Virgin). 

Air,  at  end,  £.  Wheal  Fortune  lode       

Large,  out  of  „  end,  E. 

„  „      DeebU's  branch    . . 

„  „      rock,  between  Deeble's  branch  &  Wh,  Fortune  lode 

,,  „       Wheal  Fortune  lode 

Air,  at  end  of  level,  W.  

Small,  out  of  vein,  S.  of  Wheal  Fortune  lode 

„         „       hole  in  rock,  near  the  lode  . .         •  • 

„         „  „  20  fms.  S.  of  lode 

Water  collected  at  bottom  of  Pearce's  engine  shaft     . . 

„      drawn  to  adit  by  Pearce's  engine  from 


20* 
120* 
128* 

184- 

9> 

90* 

110* 
150' 

180* 


204* 
284* 

99 

294* 

» 
» 

99 
99 


260* 

99 

287' 

99 
» 
99 

99 


56«*0* 

64?«6 

T6o*0l 
68«*0^ 
72«*0 


lOO'-Oa 
99«*«0* 


64<»*0 


63«'0 
Tl«'5 
68«*0 
64<'*0 


86«''0* 

89«-0 

89«*6 

93o*6 

920-5 

96«*0* 

94«*0* 

95«'5 

930-5 


8To*0* 

86«'5 

94®*0 

94'»*5 

93«'*0 

94«*0* 

92^*0 

91«*0 

92<''0 

01«»0»8 
77«*6» 


I  These  observations  made  by  me  were  published  by  Mr.  R.  W.  Fox,  Com.  Geo.  Trans., 
iiL  p.  817. 

^  2  These  observations  made  by  me  were  published  by  Mr.  R.  W.  Fox,  PfalL  Trans.  (1890), 

p.  4U8. 

8  In  this  water  the  labourers  at  the  bottom  of  the  mine  plunge  to  eool  themselres. 
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REDRUTH    DISTRICT   continued. 


Name  of  Mine,  Rock,  Appearance  of  Streami  and 
Locality  of  observation. 


Temperature  of  the  water  discharged  ioto  Camon 
the  great  adit  of  the  Gwennap  mining  district 
well,  and  the  river  near  its  mouth.* — 

Femey  Splat,  well,  sur- 
River.l      fitce,  4ft.  ttoxa  adit. 

..      63«-0 


1839 

Jan.  2, 

March  8, 
July  16, 

1840 
Jan.  1, 
27, 
March  9, 

April  16, 

1842 
Dec.  30, 


61O-0 

48«-6 
71«-75 

52«*0 
48<»-0 
ST^'-O 

64^0 

53«-5 


60«"3 


52«*25 
51«*6 


Great 
adit.d 

63^-4 

63«*2 

66«-5 


53«-0 


60«-5 
60«*6 
65°0 
66°-5 
68O-0 

640-6 


Valley  by 
:  and  of  a 


Nangiles 
adit 

61«-5 
60''^0 


59«»-25 

60«-0 

61^-0 

620-75 

69°-76 

61O-0 


THE    SAINT   AGNES    DISTRICT. 

Wheal  Towan  (Slate). 
Moderate,  out  of  lode 

Collected  from  73  fins,  to       

Small,  out  of  lode  (a  gurgling  noise,  as  of  air  escaping,  occurs 

in  this  stream) 

>»  >»         end,  E 

„      out  of  rock,  back  of  end,  W 

„  „       Zoc/f,  end,  W.  ..  ..  ..  .. 

„      jetting  out  of  lode,  end,  E. 

• » •  •  •         » • 


out  of  lode. 


» 


•  • 


E. 


East  Wheal  Charlotte  (Slate). 
Small,  out  of  rock 

Penwinnick  (Slate). 
Large,  jetting  out  of  lode,  end^  W. 
„      out  of  lodey  back,  W. 

West  Pink  (Slate). 
Small,  out  of  lode,  end,  W.  • . 

Drawn  to  adit  by  engine  from 


•  •         •  • 


42 


32' 

42  • 


70- 
90* 


Temp. 


108- 

62«-0 

124* 

67«*5 

134- 

69*»'6 

99 

72°*5 

99 

70«-0 

144- 

70<'-0 

» 

74'»-75 

164- 

72''-0 

99 

72«-5 

69«'0 


57«»'6 
59®*0 


60«-0 
610-5* 


1  On  the  27th  of  Jane,  at  One  pan.,  I  examined  the  temperature  of  the  river  immediately 
above  the  Fatts  of  Niagara,  and  found  it  08<»,  that  of  the  air  being  69".  At  Eight  p.m.,  the 
same  day,  the  surface  of  the  water  in  Lake  Ontario,  a  mile  £rom  the  shore,  was  at  47^*70,  the 
air  being  at  67^. 

2  Mr.  R.  W.  Fox  (Com.  Geo.  Trans.,  lil.  p.  816)  states  that  in  1822  the  tenqwrature  of  the 
water  discharged  bjr  this  adit  was  600*25,  but  he  has  not  mentioned  at  wliat  period  of  the  year 
the  observation  was  made. 

8  The  temperature  in  South  Wheal  Toman  has  been  recorded  by  Mr.  R.W.Foz,Coni.Geo. 
Trans.,  iii.  p.  814. 
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SAINT    AGNES    DISTRICT   oontinoed. 


NanM  of  If  inev  Bock,  AppMnnM  of  Stream,  and 
Loealitjof  otMerratton. 


Depth 
fioos. 


Temp. 


Wheal  Prudence  (Slate). 
Large,  oat  of  lode,  end,  W. 


Wheal  Leisure  (Slate). 
Moderate,  out  of  rock,  S.  wail 

iSmall,  „  

Large,  out  of  lode,  


••         .•         ••         •• 

•  •         *  •         •  • 


Wheal  Budnick  (Slate). 
Moderate,  out  of  rock,  W.  timU 

„  „  E.  waU,  near  end 

„  „  „       10  fms.  from  last  obs. 

„  „  „       10  fms.  from  last  obs. 

„         out  of  Lead  lode  

Drawn  to  adit  by  engine  from 


•  •         •  • 


65«^-5 


60«-0 
7SO.0 
60»*0 


THE    SAINT    AUSTELL    DISTRICT. 

Polgooth  (Slate). 
Drawn  to  surface  by  engine  from 

Charlestoion  United  Mines  (Slate). 
Small,  out  of  rock,  S.  of  lode  


Pembroke  (Slate). 
Small,  out  of  lode,  end,  W. 
Drawn  to  surface  by  engine  from 

East  Crennis  (Slate). 
Large,  out  of  oouth  lode,  end,  W. 


Fowey  Consols  Mines  (Slate). 
Small,  out  of  Croaepark  lode,  back 

„  „  „  end  .  .         • . 

Large,     „      crose-coureey  back 

»  »  w  end,  N 


THE  CALLINGTON  AND  TAVISTOCK  DISTRICT.^ 

Redmoor  Consols  Mines  (Slate). 

Small,  out  of  rock  •  • 

Drawn  to  adit  by  engine  from 


Wheal  Franco  (Slate). 

Large,  out  of /o(/e,  end,  W 

Drawn  to  adit  by  engine  from 


120- 

72«-0 

w 

67*»-5* 

102* 

70O.0 

160* 

67O-0 

j> 

68«*5 

220* 

87®-0 

a 

90<"5 

18- 

64®'0 

39- 

67o-0» 

60* 

6S«-6 

99 

60o»0* 

L 


1  In  this  district  the  temperatures  of  Wheal  Friendship,  BMralston,  Etut  JUtoombe,  and 
Ounnii  Lake  hare  been  recorded  by  Mr.  R.  W.  Fox,  Com.  Geo.  Trans..  iiL  pp.  914-881. 
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CALLINGTON    AND   TAVISTOCK    DISTRICT   continued. 


Name  of  Mine,  Rock,  Appearance  of  Stream,  and 
Locality  of  observation. 

Depth 
fins* 

Temp. 

Wheal  FHendship  (Slate). 

Moderate,  out  of  eastern  croes-course                

Large,           „     cross-course,  two  streams,  both    . . 

Moderate,      „             „              • 

„            „             „         6  iDB.  from  last  obs*            . . 
„             f,     rock,  W.          ••        ••        ••        ••        •• 

Large,  out  of  lode                 

„             „          6  ins.  from  last  obs.             

Small,         „               

Drawn  to  surface  by  engines  from          

Wheal  Calmady  (Slate). 

Moderate,  out  of  cross-vein,  end,  S.            

Drawn  to  surface  by  engine  from            

Well  at  Roborough  Down,  surface  (slate) 

47' 

76* 

115« 

99 

135* 
24- 

66«0 
64^-0 
64«'0 
65«-5 
64«»«0 
60®»0 
62o^0 
69®-5 
62«0* 

64«*0 

6S«*5* 

49®0* 

The  foregoing  materials  furnish  the  means  of 
comparing  the  temperatures  at  similar  depths,  in 
the  different  districts ; — in  the  different  rock  forma- 
tions ; — in  the  lodes  yielding  different  ores ; — and  in 
the  rocks^  lodes,  and  cross-veins. 


/^ 
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TABLE  III. 


Mean  temperatures  at  nearly  equal  depths  in  the  granite  and  slate  rocks. 


Depths. 


Surface  to    50  fms. 
50  to  100  fms.     . 


100  „  150 
150  „  200 


» 


99 


200  fms.  and  beyond 


Means  .... 


Granite. 


Depth 
fins. 


25* 

71' 

132 

161  < 

240  < 


94 


Temp. 


52«-67 

57«-68 

65O-0 

65«*71 

760-16 


60®-35 


Slate. 


Depth 
ttas. 


30 

73 

125 

174' 

241 


Temp. 


55«'9 

61«-9 

68«-14 
790.17 

89«'4 


116- 


68«-89 


1  From  five  observations  only. 


TABLE  IV. 


Mean  temperatures  of  the  rocks,  cross-veins,  and  lodes,  at  nearly  equal  depths. 


Depths. 

Roclcs. 

Cross-veins. 

Lodes. 

Depth 
fms. 

Temp. 

Depth 
fms. 

Temp. 

Depth 
fms. 

Temp. 

"^'Surface  to    50  fms 

io  to  100  fms 

100  ,,150     „          

150  „  200   ,t.          

200  fms.  and  beyond    .... 

32- 

70- 

134- 

180- 

235- 

55«'-52 

60«'*2 

69'»'66 

82«-ll 

87*»'9 

31' 

76- 

115' 

163' 

220- 

53^-76 
61«-2 

64«-75l 

740.4 

88«-75l 

29- 

71- 

126- 

161* 

246* 

54<»-83 

69^-87 

660'88 
72C.41 

88«-67 

Means  .... 

Ill- 

67*>'55 

99- 

64o«82 

Ill- 

66<'-04 

1  From  only  two  observations. 
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TABLE  V. 

Mean  teroperatares,  at  nearly  equal  depths,  in  the  lodes  which  contain  ores  of 

different  metals. 


Depthf. 

Tin  lodss. 

LotUi  jieldlng  both 
tin  <c  copper  ores. 

Copper  lodes. 

Depth 
ftns. 

Temp. 

Depth 
fms. 

Temp. 

Depth 
fins. 

Temp. 

Surface  to    50  fms 

60  to  100  fms 

100  „  150     „          

150  „  200     „          

200  fms.  and  beyond    

27- 

71- 

129- 

181- 

230- 

63<»14 

59«^a5 

65«'92 

64®-83l 

74<'-3 

33- 

72- 

124* 

171- 

55«-06 
61«-16 
66«»'09 
81«-752 

32- 

74- 

127- 

172- 

244* 

• 

56«-9 
6I°-8 
68«»-39 

78®'S3 
89®-14 

Means  .... 

92- 

60O-69 

74- 

61«^-45 

140* 

72*»'39 

1  From  three  observations  only. 


2  From  four  observations. 


The  following  table  indicates  the  respective  ratios 
of  increase  in  temperature,  expressed  in  fathoms  of 
descent  requisite  to  produce  an  elevation  of  one 
degree.  The  columns  2  and  3  are  formed  from 
Table  iii. ;  4,  5,  and  6  from  Table  iv. ;  7,  8,  and  9 
from  Table  v. ;  and  the  last  is  the  arithmetical  mean 
of  all  the  others.  The  eight  columns  are  therefore 
deduced  from  the  same  facts,  grouped  in  three  differ- 
ent ways  :  it  may  therefore  be  anticipated  that  there 
will  be  considerable  resemblance, — between  some  of 
them,  at  least. 

The  temperature  of  the  air  at  Plymouth  and 
Penzance,  which  are  near  the  eastern  and  western 
limits  of  the  mining  districts  of  Devon  and  Corn- 
wall, has  been  very  accurately'  determined :  and  the 

3  The  mean  temperature  of  Plymouth  is  stated,  by  Mr.  Harris,  at  52^*081 ; 
Reports  of  the  British  Association,  yii.  p.  24 :  that  of  Penzance,  «it  52^*0,  by 
Mr.  Giddy,  Phil.  Mag.  and  Annals,  iii.  p.  182. 
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observations  made  at  several  intermediate  spots^ 
may^  perhaps,  be  equally  relied  on. 

But  this  temperature,  though  a£fecting  the  rock 
to  the  depth  of  several  feet/  cannot  extend  its  in- 
fluence very  far ;  and,  consequently,  the  observations 
made  upon,  it  will  not,  perhaps,  avail  much  in  the 
present  enquiry. 

No  experiments  have  been  made  in  Cornwall  to 
determine  at  what  depths,  in  different  soils  and 
rocks,  at  various  periods  of  the  year,  the  effects  of 
atmospheric  temperature  cease,  and  those  of  subter- 
ranean heat  commence. 

Mf.  R.  W.  Fox*s  observations*  on  the  temperature 
at  the  depth  of  a  few  feet,  are  the  only  ones  here  with 
which  I  am  acquainted :  and,  because  in  many  of  the 
wells  and  shallower  parts  of  the  mines  which  I  have 

1  Observations  on  the  temperature  of  Truro  are  recorded  in  the  Reports  of 
the  Royal  Institution  of  Cornwall :  and  of  Falmouth,  in  the  Reports  of  the 
Royal  Cornwall  Polytechnic  Society. 

2  Professor  Forbes,  from  obsenrations  made  in  the  neighbourhood  of  Edin- 
burgh, states,  on  the  average  of  three  years'  experiment,  that  the  effects  of 
atmospheric  temperature  will  become  insensible  at  the  following  depths,  in 

different  substances : — 

Trap  rock 55 *5  feet. 

Sand 65*8    „ 

Sandstone 96*  1    „ 

Reports  of  the  Brit.  Assoc.  (1840),  p.  435. 

At  Paris  the  effects  of  atmospheric  temperature  ceased  at  25  feet ;  whilst  in 
various  Prussian  mining  establishments  it  was  found  to  extend  to  depths  vary- 
ing from  27  to  63  feet. 

Professor  Bischoff,  Edin.New  Phil.  Journal,  xxiii.  (1837),  p.  341. 

3  The  bulbs  of  the  thermometers  were  sunk  to  a  depth  of  three  feet  below 
the  surface^  and  the  mean  annual  temperatures  observed  were, — 

At  Wheal  Gorland  (granite)    ....  48®-09 

„  Dolcoath  (slate) 49®*94 

„  Falmouth  (slate) 50o*67 

Mean   49^-86 

Mr.  R.  W.  Fox,  Com.  Geo,  Trans.,  iii.  p,  326. 
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^H 

^H 

■ 
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ed  (Table  i.),  I  have  obtained  the  same 

z.  about  50  degrees,  I  concur  with  h 

g  that   we  may  begio  our  computatit 

mperature  ;  and  1  have,  accordingly,  ta 

point  of  departure. 

TABLE 

VI. 

.a    - 

^1 

piiifc 

1 

' 

^ 

i 

1 

1 

II 

i 

i 

~^ 

Fmi. 

Pm..     Fnu. 

Pn... 

Pmt 

Fnu. 

T. 

n  SO  fms,  . .     9-3 

50 

T7 

8-2 

GO 

8-6 

6-5 

4- 

0  fnia ICl 

0     „      ..,.      S-3 

g.j 

8-1 

0-7 

11-0= 

8-S 

7-3 

G-4 
10-5 

B- 

0     „      ....      —2  !  44 

3-T 

4-9 

03 

— ^ 

30fl 

4- 

and  bejond,     7-5       G'5 

a-fl 

303 

62 

5-1 

— 

fii 

Mi'ana  ...■      6'5       G-2 

n-T  '  f.-s  !  6-7 

-LaJ 

r.-fi 

Ifii 

■ 

of  the  IS^ines  of  Cornwall  and  Devon.       407 

one  cause  of  the  observed  irregularities  in  tempera- 
ture :  but  it  will  presently  be  seen  that  there  are 
others^  which  depend  on  the  geological  characters  of 
the  rocks  and  veins. 

Table  ii.  shows  that  the  subterranean  isothermal 
lines  are  not  exactly  parallel  to  the  configuration  of 
the  surface ;  although^  in  many  instances^  there  is  a 
sort  of  distant  resemblance  in  their  outline. 

Table  i.  presents  many  examples  of  different  tem- 
peratures at  equal  depths;  not  only  in  the  same 
mines^  but  even  in  various  parts  of  the  streams  of 
water  flowing  out  of  the  very  same  crevices  and 
apertures^  within  a  few  feet,  or  even  inches,  of  each 
other.  It  need,  therefore,  excite  no  surprize  that 
there  is  not  a  perfect  uniformity  in  the  temperatures 
of  tracts  miles  distant  from  each  other. 

(2.)  No  attempt  to  determine  the  difference  be- 
tween the  mean  temperature  of  the  granite  and 
slate,  at  various  depths,  was  made  before  this  enquiry 
had  been  considerably  advanced  ;^  although  the  fact 
had  been  alluded  to,^  and  had  been,  from  time  imme- 
morial, known  to  practical  miners.^ 

This  difference  is  exhibited  in  Table  iii.,  and  is 
far  more  conspicuous  in  the  deeper  than  in  the  shal- 
lower levels. 

1  My  own  Papers,  Thomson's  Records  of  General  Science,  iv.(1836),  p.  198 : 
Reports  of  the  British  Association,  vi.  (1837),  p.  36. 

3  Mr.  R.  W.  Fox,  Annals  of  Philosophy,  iv.  (1822),  p.  447 ;  Phil.  Mag.  and 
Annals,  ix.  (1831),  p.  98. 

S  *<  From  observations  carried  on  in  varioas  mining  establishments  in  the 
*'  Prussian  dominions,  M.  Von  Dechen  finds  that  the  increase  of  temperature  is, 
*'  in  general,  much  more  rapid  in  coal  than  in  metalliferous  mines/' 

Prof.  Bischofp,  £dtn.  Neir  PAt/,  Jmirnalt  xxiv.  (1838),  p.  141. 
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granitic  rocks  may  be  more  exposed  t 
;  influences  of  descending  streams,  as 
re  permits   the  percolation  of  water 
than  that  of  the  slate  series. 
The  general  impression  has  been   tha 
ature  of  the  rocks  is  lower  than  that  o 

the  results  of  ray  enquiries,  however 
ly  demonstrate  that,  at  all  depths,  the 
rmer  than  the  lodes,  and  the  lodes  thai 
?in*.— (Table  iv.) 

well  known  to  miners  that  the  largest  sti 
ST  flow  through  the  cross-veins;'  smallei 
li  the  lodes;   whilst  but  little  issues  froi 
whether  granitic  or  slaty.    It  is  an  eq 
ized  fact,  that  a  considerable  portion  o 
jumped  out  of  our  mines  has  been  rain-w 
must  have  entered  the  ground  at  a  tem 
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ivhilst,  as  the  rocks  absorb  the  smallest  proportion 
of  it,  they  will  therefore  suffer  the  least  depression 
of  temperature. 

That  this  is  one  cause  of  the  observed  difference, 
can  admit  of  no  doubt ; — whether  it  is  the  only  one, 
is  foreign  to  this  enquiry. 

It  may  be  true  that  the  ascent  of  vapour,  which 
would  tend  to  raise  their  temperature/  is  facilitated 
by  the  more  porous  nature  of  the  veins ;  but,  on  the 
other  hand,  it  must  not  be  forgotten,  that  this  porous 
structure  also  affords  a  readier  passage  for  the  de- 
scending water. 

(4.)  The  working  miners  of  Cornwall  have  long 
known  that  the  lodes  containing  tin  ores  are,  at 
equal  depths,  colder  than  those  in  which  copper  ores 
occur.  This  has  been  noticed  by  Mr.  M.  P.  Moyle  :* 
but  no  attempt  has,  until  now,  been  made  to  deter- 
mine the  exact  difference  between  them. 

in  the  copper  lode  ;  and,  unless  overflowed  by  water,  it  for  many  months  indi- 
cated a  temperature  varying  only  from  TS^'-O  to  75^-5. 

Cornwall  Geo.  Trans.,  ii.  p.  27. 

But,  in  metalliferous  districts,  the  constancy  of  the  temperature  of  water 
issuing  from  the  same  spot,  at  distant  periods,  must  depend  on  the  subterranean 
works  remaining  unaltered :  for,  if  the  deeper  levels  are  untouched,  and  the 
shallower  ones  are  extended,  the  warm  water  from  below  will  rise  as  before, 
whilst  the  cold  from  above  will  be  intercepted,  and  thus  the  temperature  of  that 
flowing  from  intermediate  spots  will  rise.  If,  on  the  other  hand,  the  shafts  are 
deepened  and  levels  drvoen  beneath,  whilst  the  shallower  ones  are  nnwrought, 
the  former  will  intercept  the  warm  water  and  prevent  its  rising,  and  the  cold 
water  from  above  still  flowing  as  before,  the  temperatttre  of  intermediate  stations 
will  decline. 

Such,  in  fact,  is  the  case  at  East  Wheal  Crafty,  where  the  temperatures  at 
two  different  spots,  within  two  years,  diminished, — the  one  8^*0  to  7^*25,  and 
the  other  7^*0 ;  both  parts  of  the  mine  having  in  the  interval  been  deepened 
30  fathoms. 

Whatever  cause  may  increase  the  water  from  above,  must  lower  the  tempera- 
ture ;  whilst  any  addition  to  that  from  below,  must  elevate  it. 

1  Mr.  R.  W.  Fox,  Com.  Geo.  Trans.,  ii.  p.  16.         s  Ibid,  ii.  p.  414. 
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e  V.  clearly  proves  the  truth  of  this  po] 
:  and  indicates  that  the  tin-lodes  posses 
temperature,'  and  copper-lodes  the  hig! 
he  lodes  in  which  the  ores  of  both  meta' 
hold,  in  this  respect,  an  intermediate  pos 
rhe  general  fact  of  a  progressive  elevati 
iture  as  we  penetrate  further  into  the 
?arth,  naturally  leads  us  to  enquire  the 
[)  crease. 

manner  in  which  Table  vi.  is  constn 
■n  already  described ;  and  as  the  ration 
by  the  different  varieties  of  rocks    and 
•e  exhibited  connectedly  and  at  one  view 
3  to  dilate  on  them. 

I  the  surface  to  150  fathoms  deep,  the  ri 
iture,  for  equal  increments  of  depth,  & 
in   a  diminishing   ratio: — a   fact    previa 

qf  the  Mines  of  Cornwall  and  Devon.      411 

number  of  observations  I  have  made  at  more  than 
150  fathoms  deep  is  very  considerable. 

The  various  ramifications  of  the  great  adit  in  the 
Gwennap  mining  district  have  an  aggregate  extent 
of  between  thirty  and  forty  miles.  It  drains  a  tract 
of  about  5,550  acres  in  area,  and  discharges  nearly 
1,600  cubic  feet  of  water  per  minute.  Rather  less 
than  one-half  of  this  stream  is  collected  at  the  adit 
level,  whilst  the  remainder  is  pumped  up  from  a 
mean  depth  of  about  190  fathoms.  Its  temperature 
varies  between  QQ'^'b  and  68^0,  and  is,  on  an  aver- 
age, more  than  12^  above  the  mean  of  the  climate. 

The  subject  of  subterranean  temperature  attracted 
attention  in  France  and  Germany  long  before  it  did 
so  in  this  country.^     Though  I  have  made  some 

1  M .  Daubaisson,  des  Mines  de  Freiberg,  i.  p.  258 ;  ibid,  iii.  pp.  151>186- 
200 :  M .  de  Trebra,  Anoales  des  Mioes,  i.  (1816),  p.  377 ;  ibid,  iii.  (1818,  ob- 
servations made  1806-7),  p.  59 :  M.  Hassenfratz,  ibid,  i.  p.  378  :  M.  Le  Baron 
Cordier,  Sur  la  Temperature  de  rint^rieur  de  la  Terre,  Memoires  de  TAcad^mie 
des  Sciences,  vii.  (1827):  M.  J.  Levallois,  Annales  des  Mines,  iii.  (1833),  p. 
629 :  M.  Reich,  Beobachtungen  ueber  die  Temperatur  des  Gesteins  in  vers- 
chiedenen  Tiefen  in  den  Gruben  des  Sacbsischen  Erzgebirges  in  den  Jahren 
1830  bi  1832:  Prof.  Bischoff,  Edin.  New  Phil.  Journal,  xxiii.  (1837),  p.  330; 
ibid,  xxiv.  (1838),  pp.  132-252. 

NoTB  to  page  388,  line  1. — *'  During  his  observations  on  the  hourly  variations 
^'  of  the  magnet,  Reich  had  an  opportunity  of  observing  the  rapidity  with  which 
*^  the  air  operates  upon  the  rock  even  at  a  distance  of  40  inches.  The  air  in 
"  the  mine  shewed  48^*6  with  but  slight  variations,  and  a  thermometer  sunk 
"  into  the  rock  48^*64  ;  but  when,  after  44  hours'  observation  of  the  magnet, 
''  the  temperature  of  the  air  had  been  raised  by  the  presence  of  the  observers, 
''  and  their  two  candles,  to  49^*7,  the  thermometer  in  the  rock,  which  was  snb- 
'' ject  to  no  change  of  air  whatsoever,  was  found  to  have  risen  to  48*^*71, 
«  48^  •  73.  This  destroyed  all  hope  of  obtaining  the  temperature  of  the  rock, 
^'  quite  free  from  the  influence  of  the  air,  by  sinking  thermometers  even  40 
**  inches  deep  into  the  rock," 

Professor  Bischoff,  Edin,  New  PAt7,  Journal,  xxiii.  (1837),  p.  342. 

Note  to  page  407,  line  7. — "  A  chthonisothermal  line  of  any  temperature, 
''  which  was  under  a  small  district  parallel  to  the  surface,  cannot  continue  its 
*'  course  under  a  neighbouring  mountain,  either  parallel  to  the  external  configu- 
*'  ration  of  the  mountain,  or  in  the  continuation  of  its  former  direction,  but 
'*  must  curve  upwards,"    Ibid,  xxiv.  (1838),  p.  146. 
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progress  in  a  comparison  of  the  results  there  ob- 
served with  those  obtained  here^and  such  an  enquiry 
would  embrace  many  points  of  interest,  1  must  defer 
its  completion  until  a  more  convenient  opportunity ; 
as,  in  this  communication,  I  have  purposely  confined 
myself  to  my  own  observations  in  Devon  and 
Cornwall. 

W.  J.  HENWOOD. 


4,    CLARBNCE-STRRfiT,    PbNZANCB, 

1843,  January  16th. 


APPENDIX. 

No.  2. 

On  the  quantities  of   Water  which  enter  the 

Cornish  Mines. 

As  the  quantity  of  water  is  often  very  great,  its 
removal  is  one  of  the  chief  causes  of  expense  in 
mining.  Hence,  a  knowledge  of  the  relation  which 
the  quantity  of  water  in  the  various  mines  hears  to 
the  rain  falling  on  the  surface, — to  the  depth  of  the 
mines, — and  to  the  nature  of  the  rock  in  which  they 
are  worked,  is  not  only  interesting  in  a  scientific 
point  of  view,  but  useful  in  an  economical  one. 

In  some  mines  a  great  increase  in  the  quantity  of 
water  almost  immediately  succeeds  the  commence- 
ment of  the  heavy  autumnal  rains ;  in  others,  on  the 
contrary,  this  increase,  although  it  is  equally  certain, 
does  not  take  place  until  after  an  interval  of  several 
months.  The  necessary  inference  is,  that  the  in- 
crease, at  least,  is  owing  to  the  rain-water,  which, 
absorbed  by  the  surface,  has  found  its  way  into  the 
deeper  parts  of  the  mines. 

The  monthly  reports  of  the  duty^  performed  by 
the  steam-engines  pumping  water  out  of  the  mines, 


1  The  duty  of  a  steam-engine  is  the  weight  lifted  by  it  during  the  consump- 
tion of  a  given  portion  of  fuel. 

3l2 
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tied  by  Messrs.  Lean,'  record  the  depths 
dimensions  of  the  pumps,  and   nonr 

S  made  by  tbe  engines  ;  and  thus  supj 
for  computing  the  quantity  of  water 
each  mine  every  month." 

"ht  the  proportion  of  rain  which  is  absot 

•th.— 

ascertain  this  proportion,  with  any  de. 

Ity,  is  so  difficult,  if  not  wholly  iinp< 

iw  observers  have  attempted  it. 

ing  the  years  1796,  7,  and  8,  Mr.  Dalto 

a  series  of  observations  on  the  propor 

hich  penetrates  to  a  depth  of  3  feet 
His   absorbing  surface    was  10  inc 

Penodical  was  commenceil  in  ISIl,  and  wat  for  mnu;  yea 
Ml  dittribiitioD  only.  Latletl;,  honpTer,  il  has  been  publ 
Br,  for  general  cireoliilion,  under  the  lille  of  "  Liim'i  Engin 
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diameter/  and  for  the  first  year  it  was  bare^  but 
during  the  two  last  years  it  was  covered  with  grass. 

The  mean  annual  fall  of  rain  was  33*55  inches,  of 
which  there  penetrated  to  a  depth  of  3  feet,  8*41 
inches.  This  gives  the  quantity  of  rain  on  an  acre 
as  121,484  cubic  feet  a  year;  of  which  the  absorp- 
tion was  30,492  cubic  feet,  or  an  average  daily 
absorption  and  re-discharge  (as  if  from  a  spring)  of 
83  cubic  feet  per  acre  :  the  quantity  absorbed  being 
about  a  quarter  part  of  the  rain  falling. 

In  April,  1825,^  Mr.  Thomas*  estimated  the  drain- 
age of  the  river  Fowey  at  about  160  cubic  feet  of 
water  per  day  from  each  acre ;  and,  during  heavy 
rains,  at  more  than  double  that  quantity.  In  June, 
1826^  (a  very  dry  season),  he  calculated  the  quantity 
at  about  75  cubic  feet  per  day  from  each  acre.  The 
mean  annual  drainage  he  considers  to  be  about 
43,800  cubic  feet  from  each  acre,  or  120  cubic  feet 
per  day. 

Now  Mr.  Giddy's  register  of  rain  from  1823  to 
1829,^^  both  inclusive,  gives  a  mean  of  46  inches  per 
annum,  or  166,834  cubic  feet  per  acre. 

Hence,  supposing  all  that  is  taken  up  by  the 
earth  flows  out  again  in  springs,  the  absorption  by 

1  Mr.  Dalton  also  attempted  to  determine  the  quantity  of  rain-water  flowing 
off  the  surface,  and  between  the  25th  of  January  and  3rd  of  June,  1706,  it  was 
1*41  inch ;  whilst  that  which  was  absorbed  and  penetrated  to  the  depth  of 
3  feet  in  the  earth  was,  during  the  same  period,  1*6  inch. 

Derangement  of  the  apparatus  interfered  with  the  continuance  of  these 
observations.    Memoirs  of  the  Manchester  Society,  v.  p.  362. 

s  The  rain,  at  Penzance,  in  this  month,  was  1*006  inch. 

it  History  of  Falmouth  (Trathan,  Falmouth,  1827),  p.  60. 

4  The  rain,  at  Penzance,  in  this  month,  was  0.66  inch. 

5  Phil.  Mag.  and  Annals,  iii.  (1828),  p.  182,  iv.-v.-vi.  vii. 
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the  surface  will  be  the  0-26  part,  or  about  a  quarter 
of  the  whole  rain  falling  during  the  year. 

The  only  other  comparisons  of  the  rain  with  the 
water  filtering  into  the  earth,  with  which  I  am  ao- 
quainted,  are  by  Professor  Bischo£f ;  who^  from  a 
much  smaller  surface,  calculates  the  absorption  at 
0*9^  foot  annually ;  and  states  the  rain  falling  in  the 
same  neighbourhood  at  from  20  to  23  inches  in  the 
year.' 

These  quantities  will  give  an  annual  drainage  of 
39/204  cubic  feet,  and  the  rain  (taking  it  at  21*5 
inch)  as  78,408  cubic  feet  per  acre. 

M.  BischofiTs  observations  were  made  near  the 
banks  of  the  Rhine,  where  the  quantity  of  rain  is 
scarcely  half  so  much  as  it  is  in  Cornwall :  and  the 
proportion  between  it  and  the  drainage  is  as  unity 
to  0*5 ; — or  about  one-half  the  rain  falling  is  absorbed 
by  the  earth. 

It  is  somewhat  remarkable  that  there  is  a  coin- 
cidence so  near  as  1*0  :  0*895  between  these  observa- 
tions on  the  quantities  of  water  actually  absorbed 
by  the  earth,  and  again  given  out  by  springs  in 
Cornwall  and  at  Bonn ;  whilst  the  rain  falling  on 
the  two  districts  differs  at  least  by  one-half.* 

M.  Bischoff,  in  1834,  made  another  series  of  ob- 
servations on  the  waters  of  the  Lippe,  Raute,  Pader, 
Alme,  and  Herder,  which  rise  out  of  the  dislocated 

I  Edio.  New  Phil.  Jouroal,  ixiii.  (1837),  p.  835.      s  Ibid,  p.  SS8. 
>  The  meao  anooal  temperatore  at  Penzance  is  52^*  (Mr.  Giddy^Phil.  Mtg. 
and  Auoals,  iii.  p.  182.) ;  of  Plymonth  62® -081  (Mr.  Harm,  Heports  of  the 
Brit.  Assoc.,  vij.  p.  24.) ;  of  Lowenbarg,  near  Bonn,  M.  Biachoff*s  plaee  of 
observation,  46«-38  (Edin.  New  Phil.  Journal,  xxiv.  p,  2T1.). 
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sandstone,  limestone,  and  chalk  formations  of  West- 
phalia, and  there  found  the  quantities  of  water 
flowing  from  the  springs  so  great,  as  to  require  an 
absorption  of  two  feet  of  rain-water  per  annum  for 
their  supply.^ 

Few  tracts,  of  equal  extent,  afford  such  facilities 
as  the  Gwennap  mining  district,  for  comparing  the 
quantity  of  water  falling  in  rain  with  that  issuing 
from  the  rocks  and  veins  at  different  depths. 

This  tract  includes  all  the  mines  which  empty 
their  waters  into  the  great  adit,  together  with  a 
border  having  a  breadth  of  about  200  fathoms  out- 
side the  greater  number,  if  not  the  whole,  of  them, 
and  comprizes  an  area  of  about  5,550  acres.* 

The  various  ramifications  of  this  adit  extend  be- 
tween thirty  and  forty  miles  on  nearly  the  same 
plane ;  and  its  extreme  limits  are,  in  a  straight  line, 
about  five  and  a  half  miles  from  its  mouth.  In  some 
parts  of  its  course  it  is  not  more  than  12  or  15 

1  He  remarks,  enquiringly,  that  in  few  parts  of  Germany,  where  the  annual 
fall  of  rain  is  known,  is  it  in  sufficient  quantity  to  supply  these  springs,  which 
rise  on  the  western  declivity  of  the  Teutoburger  Wald. 

Edin.  New  Phil.  Journal,  xxiii.  p.  338,  note, 

s  Its  limits  may  be  readily  traced  on  Mr.  Thomas's  excellent  and  accarate 
«  Geological  Map  of  the  Mining  district  of  Cornwall,  between  Camborne  and 
Chacewater/'  The  points  this  line  will  intersect  are,  the  adit's  mouth  at  Wheal 
Friendship;  100  fms.  N.  of  Higher  Coisgarne;  100  fms.  S.  of  South  Ale  omf 
Cakes;  80  fms.  N.  of  Trevince ;  Trevarth;  120  fms.  N.  of  Pennance;  the 
sammit  of  Cairn  Marth ;  120  fms.  W.  of  North  Bosveal;  the  Toll  gate,  N.E. 
of  Redruth;  midway  between  Cardrew  Downs  and  Wheal  Harmony;  120  fma. 
W.  of  Wheal  Maria;  the  Great  cross-course,  at  330  fms.  N.W.  of  Briggan; 
150  fms.  N.  of  Wheal  Barberry;  800  fms.  N.  of  Trewan;  300  fms.  N.  of 
BaUenbeagle  ;  250  fms.  N.  of  Wheal  Bissy;  300  fms.  £,  of  Wheal  Bissy;  200 
fins.  W.  of  the  river  at  Chacewater;  120  fms.  W.  of  the  river  at  Cooshecca; 
200  fins.  E.  of  the  main  adit  at  Creeghraws;  250  fms.  £.  of  the  river  at  PoU- 
dice;  250  fms.  E.  of  the  river  at  Hayle  Mills ;  whence  it  returns  to  the  adit's 
month  at  Wheal  Friendship. 
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I  deep ;  whilst,  in  the  more  elevated  gr 
it  penetrates,  it  is  70  fatliom^i  below  th 
Throughout  the  district  its  average  de 
y  from  35  to  10  fatlioms. 
I  than  niue-tenths  of  its  extent  are  worl 
but  at  Ting  Tang,  Wheal  Damwt,  I 
Poldice,  Wheal  Unily,  Wheal  Garland,  I 
nd  Treskerby,  it  enters  the  granite.  In 
(t  passes  through  the  elvan^courxes  ;  a 
le  great  rock-formations  it  intersects  4 
ide  and  cross-vein  in  the  district.  . 

pg  the  period  of  my  observations  the  fi 
es  only  have  been  at  work :  viz.,  the  Ci 
fines,  to  a  depth  of  from  250  to  300  fatl 
ited  Mines,  from  160  to  220  fathoms  ; 
to  1 10  fathoms  ;  Wheal  Unily  Wood,  ] 
horns  ;  Cardrew  Downs,  100  to  130  fath 
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abandoned.  It  is  chiefly  granitic,  and  extends  from 
Saint  Day  westward  to  the  summit  of  Cairn  Marth, 
and  north-westward  to  the  Shallow-adit,  on  the  road 
from  Redruth  to  Truro.  There  are  many  wells  in 
this  part ;  although  in  the  others  they  are  so  few 
that  the  water  for  domestic  purposes  is  sometimes 
brought  from  great  distances,  and  its  scarcity  is  often 
severely  felt. 

The  generally  porous  nature  of  the  lodes  and 
cross-veins  permits  the  descent  of  water  freely 
through  them :  and,  consequently,  as  the  mines  are 
gradually  deepened,  the  larger  quantity  is  found 
in  the  deepest  levels ; — of  those  mines  especially 
which  are  worked  in  the  schistose  slate-rocks.  For, 
as  the  laminar  structure  of  the  rocks  is  intersected 
by  the  lodes^  and  these  again  by  the  cross-veifis,  the 
drainage  of  a  great  part  of  every  district  is  effected 
whenever  these  veins  are  penetrated  by  the  opera- 
tions of  mining. 

There  is,  however,  an  exception  to  the  generality 
of  this  rule,  presented  by  wells  at  the  surface  of 
several  of  the  deepest  mines  in  Cornwall:  as  at 
Wheal  Fortune  (Consolidated  Mines),  Wheal  Vor, 
and  Wheal  JReeth.  These  must  be  supposed  to 
derive  their  supplies  from  veins  of  quartz,  joints  in 
the  rock,  or  other  subterranean  channels,  not  in 
communication  with  those  other  veins  which,  in 
some  cases  at  least,  are  worked  to  very  great  depths 
immediately  beneath  them. 

As  there  is  sometimes  but  little  uniformity  in  the 
structure  and  mineral  composition  of  the  rocks  and 
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,  and  the  excavations  at  different  levels  d 
it  and  direction,  the  quantity  of  water  i 
>nding  depths,  even  In  adjoining  mines,  i 
ual.  It  would,  therefore,  have  been  a  d 
to  determine  the  exact  quantity  at  the  di 
I  in  every  mine. 

lis  enquiry  will  therefore  be  confined  ■ 
lity  of  water  flowing  through  the  adi 
ed  from  the  various  rocks,  lodes,  and  crosi 

I  its  numberless  branches  intersect ;  and 

II  from  greater  depths,  and  discharged  inti 
'eam-cngines  on  the  mines  which  it  unws 
e  whole  of  the  water  percolating  do^vn' 
now  intercepted  by  the  adit,  would  pn 

found  its  way  to  the  bottom  of  the  r 
cc,  together  with  that  now  raised  merely 
bv  the  encines.  it  must  have  been  broui 
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I  have  already  stated^  that  this  magnificent  under- 
taking was  commenced  in  the  year  1748  by  the 
ancestor  of  the  respected  family  of  Williams  of 
Scorrier  House. 

Table  i.  exhibits  a  comparison  between  the  amount 
of  rain,  and  the  quantities  of  water  discharged  by 
the  adit,  flowing  from  the  surface,  and  evaporated : 
and  another,  between  the  whole  adit-stream  and  that 
portion  of  it  which  is  pumped  by  the  steam-engines 
from  a  mean  depth  of  from  190  to  200  fathoms. 

The  registers  from  which  I  compute  the  quantities 
of  rain,  and  the  evaporation,  are  those  published  by 
the  Royal  Institution  of  Cornwall:*  and  for  calcu- 
lating the  latter  I  employ  Mr.  Daniell's  Tables:® — 
but  with  an  allowance  of  the  0*47  of  the  results  they 
give,  for  the  difference  between  the  evaporation 
from  a  surface  of  water,  to  which  they  refer,  and 
that  from  a  surface  of  earth,  in  conformity  with 
Mr.  Dalton's  experiments.^ 

The  amount  of  dew,  and  the  difference  between 
the  rain  falling  on  the  higher  and  lower  grounds,  I 
am  unable  to  assign.  The  former  is,  of  course,  an 
addition  to  the  quantity  of  water  deposited  on  the 
surface ;  whilst  a  reduction  should  be  made  for  the 
latter,  as  the  rain-guages  I  have  quoted  are  placed 
respectively  but  55  and  80  feet  above  the  half-tide 

1  Ante,  p.  89.* 

2  Reports  of  the  Royal  Institution  of  Cornwall,  xxi.  (1839),  p.  70,  and  xxii. 
(1840),  p.  82.  The  evaporation  for  the  four  last  months  of  1839  I  am  com- 
pelled to  estimate  by  interpolation^  as  the  observations  then  made  have  not  been 
published. 

s  Meteorological  Essays,  p.  164. 

4  Memoirs  of  the  Manchester  Society,  v.  670. 

3m2 
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as,  therefore,  the  differences  arisin, 
sources  are  in  opposite  directions,  th' 
ipensate  or  neutralize  each  other. 

Thomas  estimates  the  average  quar 
3  water  flowing  through  the  Camon  v 
80  cubic  feet  per  miuute.'  But,  as  thi 
is  the  drainage  of  Bostrase  luoors, 
3s  east  of  Chacewater  river,  and  of  the 
le  of  the  vnlley  which  leads  from  Uissoe 
I,  all  which  arc  beyond  our  limits,  peih 
han  one-half  of  the  surface  uatcr  whicl 
a  valley  proceeds  from  the  tract  unde; 
in. 

!  quantity  of  water  drawn  out  of  the  r 
ed  from  Messrs.  Lean's  Report  of  the 
■engines,  except  that  from  Canlrew  Dot 
•ihea^^le,  which  (not  being  contained 
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tional  area^  and  experiments  on  the  velocity  of  the 
stream^  made  by  myself;  and  which,  in  every  in- 
stance, I  have  several  times  carefully  repeated. 


TABLE  I. 


Rain. 

Cubic  feet 
per  minute. 

Surface 
water. 

Cubic  feet 
per  minute. 

Evapora- 
tion. 

Cubic  feet 
per  minute. 

Water 
discharged 

by 

great  adit. 

Cubic  feet 

per  minute. 

Water  drawn 
from  a  depth 
ofI00to20O 

fms. 

Cubic  feet 

per  minute. 

1839; 

Jan 

Feb 

March       

April         

May          

June         

July          

Aug 

Sept 

Oct          

Nov 

Dec 

1840. 
Jan.          

Feb 

March       

April        

1354* 
1559* 
1711* 
1365- 
1245- 
1958- 
2382- 
1072- 
2551- 
1570- 
3346- 
3953- 

2545* 
1786- 

92- 
352* 

40* 

99 
99 
99 
99 
» 
» 
99 

99 
» 

99 
99 

99 

99 

180- 
119- 
134- 
357- 
552- 
506* 
662- 
610- 
328-1 
166-1 
56-1 
42-1 

104- 
119* 

295- 
283- 

1460* 
1675* 

1022- 

886* 

1177- 

1064- 
1978* 

5  2898*    ) 
(  1933-    5 

J  2149-    ) 
(  1994-    5 

1174- 

881*2 
979- 

850- 
831* 
709- 

930* 
946* 

1119*8 

1145*4 
1021* 

Mean  of  year. 
1839          

From  April,  1839,  ) 
to  May,  1840..  S 

2005* 
1904- 

40* 

99 

309* 
310- 

1323* 
1627* 

875* 
944* 

Means       

1954- 

40- 

310- 

1475- 

909* 

' V 

1825 

1  Interpolated  from  the  temperatures  of  these  months  in  1839,  and  the  differences  between 
the  wet  and  dry  bulb  thermometers  for  corresponding  months  in  1840. 

2  This  observation  was  made  on  the  morning  of  the  1st  of  January ;  and  as  the  water  flow- 
ing had  been  pumped  out  of  the  mines  in  the  preceding  month,  this  quantity  is  from  Messrs. 
Lean's  December  report. 

3  These  observations  were  made  on  the  1st  and  27  th  of  January,  and  this  amount  is  a  mean 
of  Messrs.  Lean's  quantities  for  December  and  January. 

4  These  experiments  were  made  on  the  9th  and  27th  of  March ;  this  result  is  therefore  Arom 
Messrs.  Lean's  March  report. 
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\  foregoing  table  sliows  that  the  quan 
liich  I'd!  on  this  tract,  during  the  period 
■y,  exceeded  by  about  the  -066  part  the 
af  the  evaporation  and  streams  flowing 
irt'ace  and  adit.     The  rain  is,  therefore 
ate  to  the  supply  of  all  the  springs  in  tl 

whether  their  waters  issue  at  the  surfi 
fiound  in  the  mines.' 
course,  it  has  been  pre-supposetl  that  the 
1  the  same  state  of  humidity  at  the  begi 
id  of  our  enquiries  :  but,  as  it  will  be  pre 
liat  the  rain  requires  some  time  to  descen 
iocs,  the  water  pumped  out  of  them   ( 
tter  observations-  cannot  have  been  the 

fell  at  the  time. 

■  average  level  of  the  district  is  about  15 
tlie  rain-guages  aiid  thermometers  at  All 
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tions,  the  quantity  of  the  former  is  doubtless  some- 
what in  excess,  whilst  that  of  the  latter  is  deficient. 
The  corrections  required  by  these  circumstances 
will  reduce  the  small  difference  (of  '066)  observed 
within  still  narrower  limits. 

The  average  annual  fall  of  rain,  during  the  period  under  consideration, 

was  51  *  12  inches. 
The  average  annual  evaporation    ...     8*1  ins.  or  15*83  ^  cent. 
,,  water  flovt^ing  from 

the  surface  ....      1*04  „    or    2*03       „ 
„  water    discharged 

by  the  adit    ...   38' 58  „    or  75-42       „ 
the  difference,  unaccounted  for ... .      3*4     „    or    6*65       „ 


51*12  „    or  100*0       „ 


The  proportion  absorbed  by  the  surface  and  pene- 
trating to  a  mean  depth  of  at  least  35  fathoms  (a 
very  considerable  part  of  it  to  much  greater  depths^) 
is  75  per  cent., — or  three-fourths  of  the  whole  rain 
which  falls.  From  the  facilities  which  the  adit's 
mouth  affords  for  measurements,  and  from  the  care 
and  attention  bestowed  on  my  observations,  1  have 
much  confidence  in  the  accuracy  of  this  conclusion  ; 
although  it  differs  so  widely  from  the  results  ob- 
tained elsewhere  by  other  observers. 

The  necessity  for  the  utmost  attention  to  the  state 
of  the  surface,  in  order  to  prevent  as  much  as  possi- 
ble the  absorption  of  rain-water,  has  long  been  re- 
cognized. To  illustrate  its  importance,  I  need  only 
mention  the  following  fact.  When,  about  thirty 
years  ago,  the  United  Mines  were  under  the  manage- 
ment of  Michael  Williams,  Esq.,  he  found  the  surface 

1  M.  Juncker  found  that  the  quantity  of  water  collected  in  winter  at  the  adit 
lave],  55  fms.  deep  in  Huelgoat  mine,  was  Che  *59  of  a  cubic  foot  per  minute, 
whilst  that  pumped  from  the  depth  of  170  fms.  was  72*4  cubic  feet  in  the  same 
time.     Annates  des  Mines,  viii.,  3me  s^rie  (1835>,  pp.  124-125. 
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ed  by  innumerable  shallow  pits,  former 
suit  of  the  till  ore  which  occurs  in  th 
icial  parts  (the  backs)  of  most  of  tht 
Be  pits  enoi'tnous  quantities  of  rain-wa< 
;  and,  being  absorbed,  inundated  the  wo 
orders  they  were  filled  up,  and  plasten 
enaceous  clay ;  and  small  channels  w( 
aid  the  general  drainage  of  the  uneven  s 
esult,  that  Gentleman  has  informed  m 
B  was  enabled  to  work  the  mines  much 
he  same  machinery  : — in  fact,  to  such  a 
lid  otherwise  have  required  far  more  pi 
try  costly  engines. 

On  the  rate  at  which  ruin-water  penetra 
$es. — 

I  quantities  of  water  which  simultai 
the  same  mine  at  different  depths  he 
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W.  J.  Hbnwood,  oh  lie  qtuaititjf  qf^ 

le  foregoing  table  contains  some  mines  si 
ich  of  the  mining  districts,  except  Sair 
Callington  :  the  whole  may,  therefore,  \ 
td  to  present  a  fair  average  of  the  Count 
ith  but  three  or  four  exceptions,  which  i 
ifter  alluded  to,  nearly  the  same  period 
isite  for  the  appearance  of  rain-water 
s :  the  interval  between  the  heaviest  fall  < 
;he  largest  quantity  of  water  in  the  tnine; 
t  three  months ;  as  the  greatest  quantity  < 
December,  and  of  water  in  the  mines  in  ] 
itween  the  month  of  least  rain  and  that 
h  the  mines  yield  the  smallest  quantity  of 
irly  equal  time  seems  to  occur ;  since  t1 
st  in  June,  and  the  water  in  the  mines  i 
ptember.  But  more  minute  investigatit 
Is  of  which,  however,  would  here  occu 
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its  way  to  the  deepest  level,  yet  the  shallower  levels, 
as  they  are  worked  for  a  longer  time,  and  usually 
extend  further  than  the  deep  ones,  often  intercept  a 
considerable  quantity.  To  avoid,  as  much  as  possi- 
ble,'the  heavy  cost  of  pumping  from  great  depths, 
the  water  in  the  shallower  levels  is  at  once  conducted 
to  the  pumps.  On  this  account,  the  upper  lifts, 
almost  without  an  exception,  are  larger  than  the 
lower.^  But  it  may  be  presumed  that  the  water  thus 
naturally  collected  at  each  series  (lift)  of  pumps 
does  not  always,  or  indeed  commonly,  supply  neither 
more  nor  less  than  the  exact  quantity  required  to  fill 
the  pumps.  Whilst  the  water  is  in  excess  at  one 
level,  and  for  its  drainage  the  pump  should  be 
worked  rapidly,  at  others  it  is  often  insufficient. 
When  there  is  such  a  deficiency  an  artificial  supply 
is  allowed  to  descend  to  keep  the  pumps  always  filled 
(solid),  lest  the  buckets,  valves  (clacks),  &c.,  should 
be  injured  by  the  irregular  action  of  the  engine  and 
other  apparatus^  (going  injbrk). 

There  is  no  doubt  some  difference  in  the  times 
required  for  the  descent  of  the  water  to  different 
depths:  but  this  cannot  be  ascertained,  since  the 
Reports  furnish  little  information  which  can  throw 
any  light  on  the  question,  and  we  have  no  other 
means  for  determining  it. 

1  My  own  Paper^  TransactioDS  of  Institution  of  Civil  Eng^eers,  ii.  p.  66. 

3  M.  Juncker  found  that  the  quantity  of  water  delivered  by  the  pomps  at 
Huelgoat  differed  from  the  estimated  quantity  by  only  about  l-30th. 

Annales  des  Mines^  viii.  (1835),  p.  268, 

My  own  experiments  at  Wheal  Towan  give  a  difference  in  this  respect  of  about 
1-lOth.    Transactions  of  the  Institution  of  Civil  Engineers,  ii.  p.  68,  note. 
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I  particulars  of  these  irregularities  d 
by  personal  inspection  ;  for  their  va 
frequent  and  considerable  that  the  ait 
trate  or  describe  them  would  be  hopeh 
On  Ihe  relations  between  the  depths  a 
e  quantities  q^  water  in  them. 
!  perpendicular  shaft  were  sunk  in  s  r< 
homogeneous,  and  destitute  of  lam 
or  veins,  the  portion  drained  by  it  w 
ertcd  cone,  of  which  the  bottom  of  tl 
be  the  apex,  and  the  surface  of  the  ej 
The  diameter  of  this  base  would  dep 
cility  the  rock  afforded  for  the  des 
' — The  dimensions  of  this  cone  wou 
the  depth  of  the  shaft ;  and,  consequ 
ater  were  solely  derived  from  that 
would  be  a  very  simple  rehttion  betw* 
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position  is  liable  to  some  variation  at  almost  every 
fathom.  Some  of  these  circumstances  impede  the 
draiiiage^  whilst  others  facilitate  it,  to  almost  incre^ 
dible  distances :  the  figure  and  extent  of  the  tract 
which  will  be  drained  by  any  given  shaft  or  series  of 
mining  operations  can,  therefore,  be  seldom  foreseen 
at  the  commencement  of 'any  undertaking. 

To  add  to  the  complexity  of  this  enquiry,  the 
horizontal  excavations  (levels)  are  continually  ex* 
tended,  even  when  ttani^fihafts  are  not  sunk  deeper: 
though,  in  most  well-conducted  mines,  both  these 
operations  are  carried  on  at  one  and  the  same  time. 

It  is  therefore  only  from  a  comparison  of  the 
quantities  of  water  entering  mines  which  are  being 
sunk  deeper,  with  those,  during  the  same  periods, 
flowing  into  others,  of  which  the  depths  remain 
constant,  that  we  can  hope  to  advance  our  knowledge 
of  this  subject. 

Of  the  mines  particularized  in  Table  ii.,  Dolcoath, 
Wheal  Damsel,  the  United  Mines  during  the  second 
series  of  observations,  and  Crennis  for  a  considerable 
portion  of  the  first  series,  have  been  worked  at  the 
same  depths,  and  thus  afford  us,  if  not  perfect 
standards  of  comparison,  at  least,  the  best  within 
our  reach. 

Table  iii.  indicates  the  cubic  feet  of  water  per 
minute  which  enter  them,  and  the  rain  in  inches,^  at 
different  periods.^ 


1  From  Mr.  Giddy's  Register,  Phil.  Mag.  and  Annals,  iii.  (1828),  p.  181. 

2  The  total  quantities  are  given  in  the  London  and  Edin.  PhiL  Mag.,  i. 
(1832),  p.  289. 

VOL.  v.  3o 
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TABLE 

II. 

Bolewtft. 

Wh.J>.imHl. 

vati 

0«Mt. 

att  fnu. 

sat  Imt. 

*lDlu.d«.p. 

Cubic  (Mt 

CoWeftBI 

Cubic  (Ml 

PWH.1IIBIB. 

PO  mlniiM. 

1«  mtouw. 

D« 

*r 

IT' 

_ 

61- 

Jan 

se 

IB- 

__ 

H- 

Feb 

46 

IS- 

Tl- 

Mareli    .... 

43 

sfb- 

69- 

April      .... 

U 

18- 

S(i- 

M.,        .... 

U 

!«■ 

40- 

Jan 

3T 

16- 

40- 

JbIj       .... 

31 

M- 

u- 

Ang.       .... 

M 

IS- 

31- 

Sept.      .... 

»5 

If 

36- 

Oct 

tG 

is- 

_ 

43- 

Nov 

U 

16* 

34- 

Dec       .... 

44 

Id- 

— 

(B- 

Jan 

40 

17- 

60- 

Feb 

37 

IT- 

61- 

March    .... 

as 

IG- 

cs- 

April      .... 

4a 

17- 

US- 

May        .... 

BS 

15- 

63- 

Jnoe      .... 

so 

is- 

64- 

Jalj       .,.. 

3S 

16- 

60- 

A«g.      .... 

SI 

IT- 

Sbbl      .._. 

>i- 
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TABLE  III.  continued. 


1826, 
1827, 

99 
» 
99 
99 
99 
99 
99 
9» 
» 
99 

1828, 

99 
99 
99 
99 
99 
99 
99 
»9 
99 
99 
99 

1829, 

99 
99 
99 
99 
99 
99 
99 
99 
99 
99 


Nov. 
Dec. 

Jan. 

Feb. 

March 

April 

May 

June 

July 

Aug, 

Sept. 

Oct 

Nov. 

Dec. 

Jan. 

Feb. 

March 

April 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

March 

April 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 


Dolcoath, 

344  ftns. 
deep. 

Cubic  feet 
per  minute. 


26* 
33- 

38* 

42* 

46-1 

40* 

46* 

42- 

34' 

31- 

26* 

26* 

29- 

41- 

62- 

49- 

46* 

44*1 

48* 

60" 

34* 

33* 

32*^ 

36* 

32* 

36' 

41* 

3T* 

43* 

3T'l 

35* 

33- 

32- 

30* 

43* 

33* 

39* 


WJuDamseL 

202  ftns. 
deep. 

Cubic  feet 
per  minute. 


12- 
13* 

IS- 
IS' 
16* 
16- 
19' 
IT* 
IS* 
IS- 
14* 
14* 
15* 
18- 

21* 

21- 

20* 

20* 

22* 

22- 

21* 

22* 

22- 

21* 

18*1 

23* 

26* 

21*1 

26* 

23* 

24* 

22* 

17* 

17- 

18- 

19* 

19* 


United 
Mines* 

00  ftns.  deep. 

Cubic  feet 
per  minute. 


56* 
55* 

74* 
90* 
102* 
109* 
98* 
87* 
83* 
75* 
67* 
60* 
59* 
75* 

136' 

186' 

142* 

120" 

132- 

136* 

119* 

100* 

86- 

82* 

81* 

93* 

106* 

99*^ 

113* 

106» 

119* 

100* 

91* 

84* 

88* 

96- 

100* 


Rain. 
Inches. 


4*28 
4*40 

4*42 
1*60 
5*26 
1*36 
5*31 
2*16 
2*25 
2*86 
2*82 
6*10 
3*16 
7*58 

7*45 
4*01 
3*44 
750 
3*76 
1'96 
4-55 
4*57 
3*04 
3*25 
3*83 
6*22 

3*13 
3*00 
1*46 
5*50 
0*56 
4*48 
5*61 
5*51 
6*82 
3*03 
1*64 


1  The  interpolations  for  Dolcoath  are  made  by  comparison  with  Wheal  Damsel;  those  of 
Wheal  Damsel  with  Poldiee;  and  those  of  the  United  Mines  with  Wheal  Harmony. 


Table  iv.  indicates  the  proportionate  quantities  of 
water  drawn  out  of  each  mine,  and  of  rain  in  the 
different  years ;   and  in  either  case,  as  in  Table  ii.. 


■ 

^^^^^^^^1 

W.  J.  Henwood,  on  the  qHontiiy  of 

nallest  quantity  is  taken  as  unity.     B 
s  from  Table  ii.  that  the  intervals  betv 
a  and  minima  in  the  different  mines  are 
the  column  of  rain  always  shows  the 
hich  fell  just  as  many  months  before  a 
uired  for  its  descent ;— which  rain,  tl 
e  considered  the  same  water  which 
pumped  out  of  the  miuea. 

TABLE  IV. 

j     .„^.. 

WIlKll 

vnum 

fVMil. 

'  Wnlrr 

HI.. 

0( 

lUliaiof 
1™  ■■  '"^■ 

dn 

i    ''J 
10 

i 

I 'OS 
104 
1-01 

1-16 

1-48 

—          1'41 
ISJl     12S 

,,.  ]  ... 

IB      1    1-2 
la         114 
lie       10 

1 
1 

H 

■ 
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TABLE  V. 


WhtalBeeth. 

WhBdlBo9e, 

Wheal  Hope, 

Depth 

Cubic  feet 

Depth 

Cubic  feet 

Depth 

Cubic  feet 

fms. 

per  minute. 

fins. 

per  minute. 

flans. 

per  minute. 

1822^  Dec 

125* 

20* 

79- 

80* 

'— 

1823,  Jan 

ff 

14* 

99 

82* 

-i~ 

„      Feb 

}f 

22* 

99 

94*1 

— 

— 

„     March    .... 

9> 

16- 

» 

75* 

— 

— 

„     April      .... 

99 

10- 

99 

80* 

— 

— 

„     May 

127- 

8- 

87- 

78* 

— 

— 

„     June       .... 

185- 

6- 

99 

78* 

— 

— 

„      July       .... 

99 

5- 

» 

79-1 

— 

— 

,,     Aug 

99 

7- 

99 

72-1 

— — 

— 

„     Sept      

99 

9- 

104* 

60- 

— 

„     Oct 

US' 

12- 

99 

62* 

— 

— 

„     Nov 

9f 

IS- 

*9 

69* 

— 

— 

ff     Dec 

149' 

IS* 

99 

83* 

— 

1824,  Jan 

99 

13* 

99 

91* 

— 

— 

„     Feb 

99 

10- 

99 

82* 

— 

— 

„     March    .... 

»> 

13- 

99 

80- 

— 

— 

„     April      .... 

99 

9* 

99 

84* 

— 

— 

„     May       .... 

99 

8* 

W 

81-1 

— 

— 

„     June      .... 

99 

8* 

9* 

75'i 

— 

— 

„     July       .... 

99 

9- 

99 

80*1 

— 

«     Aug 

99 

7* 

55- 

85* 

— 

— 

yy            Sept 

99 

6' 

» 

36' 

— 

— 

„     Oct 

99 

9* 

69* 

86* 

— 

— 

„      Nov 

f9 

12* 

63- 

41- 

— 

— 

„      Dec 

99 

19- 

64- 

60- 

— 

— 

1825,  Jan 

if 

14* 

)> 

60- 

— 

„      Feb 

fy 

15* 

a 

68- 

— 

— 

„      March    

jj 

12- 

yt 

62- 

— 

„      April      .... 

99 

8- 

70- 

52- 

— 

— 

„      May       .... 

99 

7* 

99 

66-1 

— 

— 

,      June      .... 

f) 

6* 

»9 

43- 

48* 

39* 

„      July       .... 

99 

6- 

72- 

39- 

63* 

83* 

»     Aug 

99 

5- 

>» 

36* 

65* 

33* 

„      Sept 

99 

6- 

76* 

86* 

66' 

31- 

„      Oct 

» 

5* 

99 

36* 

99 

81- 

„      Nov 

99 

7* 

J> 

38* 

99 

31* 

„     Dec 

99 

12- 

»9 

41* 

66' 

46* 

1826,  Jan 

169- 

Il- 

99 

51* 

74* 

64- 

„     Feb 

9f 

ls* 

99 

60- 

99 

62* 

„     March    .... 

99 

13* 

99 

61* 

99 

67- 

„     April      .... 

99 

8* 

99 

44* 

99 

63- 

„      May       .... 

99 

6* 

99 

42.1 

99 

47- 

„     June      .... 

9f 

7- 

•99 

43* 

99 

43.1 

„     July       .... 

99 

6* 

85* 

42* 

99 

39* 

«     Aug 

99 

6- 

99 

40* 

99 

35' 

„     Sept 

91 

6' 

99 

39* 

99 

87- 

„      Oct 

99 

5- 

99 

41* 

77' 

37' 
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the  mode  of  stating  them  is  the  same  as  in  Tables 
u.  and  IV. 

TABLE  VI. 


maUBHlh. 

Wial  Bw. 

WJuaiBnpi. 

^.. 

Vmn. 

Dqllh 

WllETl 

DepU. 

W.l« 

RBln. 

Deplb      ^^ 
W»ter 
[dr&wn 

Mof 

Kiln. 

Depth 
Irai. 

Eat 

WaUi 

Rtlo. 

1823.. 
1824.. 
18tt.. 
1886.. 

isar.. 

1BI8.. 
ISSQ.. 

isa- 

149' 
169- 

IBS- 

1-as  iss 

112    1-21 
10      1-0 
las    1-26 

1-5      1-66 
I'M    l'*l 

BD- 
70- 
80- 
90- 
95- 
108- 

1-7 
1-S3 

1-07 

111 
1-44 
l->4 

I'GS 

119 
1-fl 
1'2S 

1-42 

B4-      l-Ol 
74-     1-36 
77-     I'BS 
107-     1-3 
119-     1.47 

1-88 
10 

lie 

181 
1-29 

91- 
108. 
112. 
124- 
136- 

1-0 

l'D6 
1-32 
1-51 
I-S 

1-21 
10 

I'aa 

1'6I 
1-37 

Bnmmfl 

- 

1 
8-95    9-Tl 

-- 

..„ 

9-45 

—      7-S8 

029 

- 

019 

a'4i 

Mwuia_ 

160- 

l-28ll-i9 

88. 

IM 

ISS 

86-      1-51 

1-26 

■"■ 

1838 

1283 

In  Table  iv.  the  ratios  of  water  pumped  ont  of 
the  mines  in  different  years  are  for  depths  constant 
during  the  whole  period ;'  whilst  those  in  Table  ti. 
are  for  depths  progressively  increasing  A-om  91  to 
136  fathoms.  If,  therefore,  the  difference  of  depUi 
has  no  effect  on  the  quantity  of  water  entering  the 
mines,  the  means  will  be  in  the  same  proportifm  for 
every  year ;  but,  if  the  increased  depth  occasions  an 
increase  in  the  quantity,  the  means  in  Table  vi.  will 
exceed  those  in  Table  iv.,  and  this  excess  will  be  the 
measure  of  the  influence. 

1  M.  BKabniBSOD  bu  treated  largely  of  the  irater  in  the  Saxon  mines.  Dt* 
Mint*  dt  Freihtrg,  i.  p.  813 ;  iii.  pp.  34-87-l«5-19>-215-U9-8Te. 
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Iw,  in  the  mines  of  which  the  depths  rem 

,nt,  the  mean  of  five  years' observations  (' 
1'144 ;    whilst,  for  the  same  period,  i 

which  had  been  sunk  from  91  to  136  fat 

average  depth  of  114  fathoms,  it  is 

difference  ("094),  which  is  nearly  one-te: 

hole  quantity,  is  therefore  due  to  an  \a\ 

fathoms  in  depth.' 

the  London  and  Edinburgh  Philoso; 
;zine,  I.  (1832),  p.  294,  I  have  stated  the 

of  water  pumped  out  of  the  same   n 

xamining  the  subject  in  a  somewhat  di£ 
|er,  I  found  that  the  same  addition  of 
ised  the  quantity  of  water  by  "101 :  an  aj 

n  sufficiently  near  to  my  present  results. 
.  On  the  ralex  of  absorption  by  differetU 
■n  the  differences  in  the  quantities  of  water 
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in  one  in  the  sixth, — ^and  in  another  io  the  seventh 
month  after  the  greatest  fall  of  rain. 

In  the  following  table  will  be  found  a  summary  of 
monthly  observations  on  the  depth  of  water  in  wells 
in  the  years  1832-3.  That  at  Falmouth  was  made 
by  Robert  Were  Fox^  Esq. ;  at  Mellingye,  in  Perran- 
ar-worthal^  by  Mr. Thomas;  at  Bodmin  by  Dr.  Potts; 
at  Tregaswith,  near  St.  Columb^  by  Mr.  Grigg ;  and 
those  at  the  Lizard  Light-house  and  Landewednack 
were  by  the  late  Rev.  H.  T.  Coulson : — the  others, 
on  wells  in  Perran-ar-worthal  and  Stythians,  are  my 
own.* 

Wh^  the  measurements  made  in  October  and 
November  are  compared,  a  remarkable  fact  presents 
itself:  the  water  in  all  the  wells  situated  in  rocks  of 
the  slate  series,  with  but  a  single  exception,  had 
diminished ;  whilst,  during  the  same  period,  that  in 
the  well  in  serpentine,  at  Landewednack, — and  in  all 
those  in  the  granite  of  Stythians,  had  considerably 
increased. 


1  Obsenrations  on  the  depth  of  water  in  a  well  at  Sydney,  New  South  Wales, 
were  made  in  1824-5  by  Sir  Thomas  M.  Brisbane,  Bt,  K.C.B.,  Edin.  Journal 
of  Science,  Ti.  (1827),  p.  226 ;  and  in  wells  in  Kent  by  Mr.  Bland,  Phil.  Mag. 
and  Annals^  xL  (18S2),  p.  88. 
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In  shallow  wells  and  in  deep  mines  the  result^ 
then,  is  the  same : — that  the  rain-water  is  more 
readily  absorbed  by,  and  percolates  more  freely 
through,  the  rocks  of  the  granitic  formation  than 
those  of  the  slate  series. 

The  most  cursory  inspection  of  Tables  iii.  and  v. 
clearly  indicates  a  remarkable  difference  between  the 
quantities  of  water  pumped  out  of  Wheal  Damsel 
and  Wheal  Reethy  which  are  wholly  in  granite, — 
and  also  Dolcoath  which  is  partly  so ;  and  those  out 
of  the  United  MineSy  Crennis,  Wheal  Rose,  and 
Wheal  Hope,  which  are  entirely  in  the  slate  forma- 
tion. 

Although  the  following  abstract  of  the  cubic  feet 
of  water  per  minute  drawn  out  of  each  mine  does 
not  pretend  to  assign  the  exact  proportion  between 
the  quantities  flowing  from  the  different  rocks 
throughout  Cornwall,  it  is  sufficient  to  show  that  a 
striking  difference  prevails. 

Granite, 
Wheal  Damsel      17  cubic  feet  <^  minute. 


Wheal  Reeth     10 

Dolcoath    37 

Means    21*3 


9» 


Slate. 

United  Mines 101  cubic  feet  ^  minute. 

Crennis     66 

Wheal  Rose     . .  . .  , 57 

Wheal  Hope     52 


it 

99 


Means  64*5 


3q2 


99 


^ 
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the  barometer  is  low  than  when  it  is  higfa.^  M.  Elie 
de  Beaumont  has  also  remarked^  that  the  less  the 
atmospheric  pressure,  the  greater  the  quantity  of 
water  which  flows  into  the  salt-mines  at  Bex/  and 
vice  versa. 

I  have  been  furnished*  with  daily  records  of  the 
water  pumped  out  of  the  Consolidated  Mines  during 
several  years^  and  I  have  carefully  compared  them 
with  registers  of  the  barometer  for  the  same  periods, 
but  I  have  failed  to  discover  any  relation  between 
the  quantity  of  water  in  the  mines  and  the  height  of 
the  barometer.  That  such  a  dependence  exists^  is  a 
general  fact  which  admits  of  no  doubt :  but  I  am 
unable  to  determine  whether,  in  this  instance,  it  is 
concealed  by  irregularities  in  the  percolation  of  the 
water,  or  whether  the  time  required  for  the  penetra- 
tion of  rain-water  retards  the  appearance  of  the 
winter's  rain  in  the  deeper  parts  of  the  mines  until 
the  following  spring,  when  the  atmospheric  pressure 
has  again  increased. 

Some  of  the  foregoing  deductions  seem  to  have 
a  practical  bearing  on  the  economy  of  mining. 
They,  however,  throw  no  light  on  the  appearance 
of  springs  in  situations  so  elevated,  that  the  rain 
falling  on  limited  tracts  above  them  seems  scarcely 

1  Report  of  the  ParliameDtary  Committee,  on  accidents  in  mines,  pp.  54-110- 
111-112. 

2  Annales  des  Mines,  ix.  (1824),  p.  694. 

9  It  appears  that  a  rise  of  one  inch  in  the  barometer  depresses  the  tide  at 
Bristol  about  fifteen  inches^ 

Mr.  Whewell's  Report  on  Tides, — Reports  of  Brit.  Assoc,  for  1841,  p.  SO. 

4  Through  the  kindness  of  Captain  Francis. 
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lit  for  their  supply.'  This  is  a  sii 
interest;  but  beset  with  difficuUies 
ing  of  solution,  in  the  present  state 
■Age. 

W.  J.  HENW< 


APPENDIX. 

'      No.  3. 
On  the  electric  currents  observed  in  rocks  and  veins. 

In  the  year  1830,  the  existence  of  electric  currents 
was  discovered  in  the  metallic  portions  of  several 
copper  and  lead  lodes  in  Cornwall,  by  Robert  Were 
Fox,  Esq. ;  ^  and  he  has  since  succeeded  in  imparting 
magnetism  to  an  iron  bar  by  their  agency.^  He 
failed,  however,  to  detect  their  presence,  either  in 
tin  lodes,^ — in  the  earthy  ingredients  of  any  other 
lodes, ^ — or  in  the  rocks  which  they  traverse. 

In  the  same  year,  he  discovered  electric  currents 
in  the  l^ad  veins  of  Lagylass  and  Frongoch,  in  the 
day-slate  of  Cardiganshire;  but  failed,  in  similar 
trials,  at  South  Mold  and  Milwr, — lead  mines  which 
are  worked  in  the  limestone  of  Flintshire.* 

In  1833,  Capt.  Bennetts  obtained  similar  results 
in  the  copper  veins  at  Wheal  Vyvyan  ;®  and,  in  1841, 
Messrs.  Hunt  and  Phillips  were  equally  successful 
in  experimenting  on  the  copper  lode  at  East  Pool^ 

1  Phil  Trans.  (18S0),  p.  399.    2  Report  of  Royal  Corn.  Pol.  Soc.  (1841),  p.  164. 

8  Phil.  Trans.  (1830),  p.  411,  fig,  ll.-^   *  Ibid,  p.  400. 

«  Com,  Geo.  Trans.,  iv.  p.  21.    «  Lond,  &  Edin.  Phil.  Mag.,  iii.  (1833),  p.  17. 

7  Report  of  the  Royal  Com.  Polytech.  Soc.  (1841),  p.  159. 
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In  1839,  Professor  Reich  conducted  a  very  exten- 
sive series  of  experiments  on  the  N.  and  S.  vein  of 
Frisch  Glilck,  which  chiefly  yields  galena,  but  also 
some  blende,  and  iron  and  arsenical  pyrites ; — on  the 
Neu  Hqffhung  vein,  which  bears  about  S.E.  and 
N.W.,  and  is  composed  of  sulphate  of  barytes,  fluor, 
and  a  little  galena,  but  where  this  is  crossed  by  other 
veins,  it  is  rich  in  red  and  vitreous  silver  ores,  and 
contains  also  iron  pyrites ; — in  Gotloh  E.  and  W. 
vein,  which  yields  galena ; — and  in  Ludwig  N.  and 
S.  vein,  which  affords  carbonate  of  iron :  all  these 
veins  occur  in  the  Himmelfahrt  mine,  which  is 
worked  in  gneiss,  near  Freyberg,  in  Saxony.^  His 
admirable  investigations  not  only  indicated  the  ex- 
istence of  electric  currents  in  all  these  veins,  and  in 
their  different  metallic  ingredients,  but  also,  for  the 
first  time,  showed  similar  results  when  masses  of  the 
different  ores  were  connected  (through  the  medium 
of  the  galvanometer)  with  the  earthy  ingredients  of 
the  veins,  and  also  with  the  rock  which  they  traverse. 
Professor  Reich  does  not,  however,  seem  to  have 
ascertained  whether  or  not  two  non-metallic  masses, 
when  thus  connected,  exhibit  electric  action. 

The  experiments  described  in  the  following  pages 
were  commenced  in  1830, — shortly  after  the  first 
announcement  of  Mr.  R.  W.  Fox's .  discovery,  and 
the  last  of  them  was  made  in  1840.  They  extend 
to  every  mining  district  within  the  Duchy  of  Corn- 
wall, except  those  of  Helston  and  Saint  Austell. 

1  Edin.  New  Phil.  Journal,  xxviii.  (1839),  p.  1 :    Reports  of  the  British 
Association  (1839),  p.  34. 
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all  cases  the  mode  of  experiment  was  mi 
Plates  of  common  sheet  copper  were 
ed  on  those  points  of  which  the  electri 
the  object  of  investigation,  and  suppor 
I  of  wood :  the  plates  were  connected  w 
nometer  hy  means  of  copper  wires  1-20' 
inch  in  diameter,'  which  were  also  pr 
the  influence  of  contact  with  any  other  e 
ances  by  supports  of  wood. 
e  galvanometer  employed  in  my  earlier 
s  was  kindly  presented  to  me  by  Mr.  R.  V 
ike  his  own,^  was  contained  in  a  bo\  n 
copper.  The  needle  was  a  thin  bar  al 
3  long,  and  3-16ths  of  an  inch  wide : 
)rted  on  a  point,  and  its  directive  pow 
teutralized :  it  was  surrounded  hy  55 
!r  wire  of  about  l--50th  of  an  inch  in  di; 
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between  the  electricity  observed  in  the  metallic  or 
earthy  portions  of  the  lodes,  or  in  the  rocks  which 
they  traverse,  before  we  can  apply  our  knowledge  of 
their  existence  to  any  practical  purpose,  or  assign 
their  office  in  the  economy  of  Nature. 

In  Table  i.,  I  have  so  arranged  all  these  particu- 
lars of  my  own  experiments,  made  with  plates  of 
copper  only,  that  the  influence  of  any  of  them  on 
the  observed  results  may  become  apparent. 

(A.)  Experiments  with  plates  and  wires  of  similar 
metals. — 

The  directions,  dips,  and  ingredients  of  the  lodes, 
and  also  the  temperatures  and  distances  of  the 
stations,  seem  to  be  circumstances  on  which  the 
directions  and  quantities  of  the  electricity  may, 
perhaps,  depend. 

(I.)  Table  i.  contains  the  details  of  twenty-six 
experiments  made  on  the  currents,  horizontally,  tra- 
versing sixteen  lodes. 

Lodes  bearing  N.  of  W,  D^/lection. 

Currents  from  E.  to  W.   . .  4,  or  15-4  ^  cent.   . .   90°.i 
„  W.  to  E.   . .   5,  „  19-2       „         . .   40«. 

Lodes  bearing  E,  and  W. 
„  E.  to  W.   . .  2,  or    7-7       „         . .  3r. 

Lodes  bearing  S.  of  W. 
E.  to  W.   . .    6,  or  19-2      „         . .  67°. 
W.  to  E.   . .  10,  „  38-6      „         . .  73°. 

In  these  observations,  therefore,  the  proportions 
were  15,  or  57*7  per  cent.,  in  which  the  currents 
flowed  from  W.  to  E.,  and  11,  or  42*3  per  cent.,  in 
which  they  were  from  E.  to  W. 

2  These  results  were  obtained  with  Messrs.  Watkins  and  Hill's  galvanome- 
ter; and  are,  therefore,  scarcely  comparable  with*  the  others. 
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)  Sixteen  observations  have  been  mad 
cal  currents;  in  9,  or  56-3  per  cent.,  tK 
tward  direction,  and  in  7,  or  43-7  per 
ird  one. 

Lvda  beariog  N.  of  W.  n 

lurrenU  upward         . .     2,  or  12'5  ^  cent, 
downward    ..      1,  „     O'S       „ 
Loia  betiring  S.  of  W. 
„         Upward         ..     5,  or  31 '3       „ 
„         downward    ..     B,  „  50*0       „ 

1.)  Twenty-six  observations  were  mad' 
itions  of  electric  currents  Sowing  horii 
—17  in  /fides  dipping  towards  points 
lern  side  of  an  £.  and  W.  line,  and  9 
ig  an  opposite  dip.' 

/jutct  dipping  N. 
Jurrenta  froiti  E.  to  W.    ..    10,  or  38-4 -^  cent.   .. 
„  W.  to  E.  ..     7,  „  27-0       „ 

ladet  dipping  S. 
„  E.  to  W.     .      l.or    3-8       „ 

I     „         w. toE.  ..    8,  „ao-e     „ 
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Lodes  dipping  N .  D^fleet'ton. 

Currents  upward  . .     5,  or  31*2  ^  cent.      . .     63«. 

„         downward     . .      3,  „  18*8       ,,  . ,     76®. 

Lodes  dipping  S. 

upward  ..     2,  or  12*5       ,,  ..     90**. 

downward     . .     6,  „  37*6       „  . .     60°. 

(2.)  In  three  mines  only  have  I  been  able  to  con- 
nect two  lodes  at  similar  levels:  in  these  I  have 
made  five  experiments,  in  every  one  of  which  the 
currents  passed  from  the  northern  to  the  southern 
point; — the  mean  deflection  of  the  galvanometer 
needle  was  80^.' 

(3.)  I  have  connected  points  in  parallel  lodes  at 
different  levels  in  but  three  mines ;  and  on  these  I 
have  made  six  experiments :  in  one  case  (16*6  per 
cent.)  the  current  was  ascending,  but  in  the  other 
five  (83*4  per  cent.)  they  descended.* 

(III.)  Mr.  R.  W.  Fox  has  described  the  ores  on 
which  his  experiments  at  Wheal  Jewel  were  made/ 
and  he  has  also  noticed  the  ingredients  of  the  lodes 
at  Pennance;^  Capt.  Bennetts  has  likewise  given  a 
general  notice  of  the  composition  of  the  lode  at 
Wheal  Vyvyan  :^  but  the  probability  that  the  direc- 
tions and  quantities  of  the  electricity  in  hdes  may 
be  affected  by  any  other  differences  in  their  mineral 

1  Mr.  R.  W.  Fox  particularizes  four  experiments  in  which  he  compared  the 
electricity  of  parallel  lodes :  in  two  of  them  the  currents  flowed  from  N,  to  S., 
and  in  the  others  in  the  opposite  direction. 

3  Mr.  R.  W.  Fox  records  four  mines,  in  which  he  instituted  eight  compari- 
sons between  the  electric  conditions  of  points,  at  different  depths,  in  parallel 
hdes :  in  four  of  them  the  currents  ascended,  whilst  in  the  others  they  descended. 

3  Reports  of  the  British  Association  (1834),  p.  572. 

4  Report  of  the  Royal  Cornwall  Polytechnic  Society  (1841),  p.  163. 

6  London  and  Edin.  Phil.  Mag.,  iii.  (1833),  p.  17. 
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composition,  than  the  presence  of  a  larger  or  smaller 
quantity  of  ore,  seems  not  to  have  been  considered. 

These  particulars,  have,  however,  been  thought  of 
much  importance  by  the  German  observers;  for 
M.  Von  Strombeck  and  Professor  Reich  have  de- 
scribed all  the  chief  ingredients  of  those  parts  of  the 
lodes  on  which  they  experimented. 

Since,  in  all  Mr.  R.  W.  Fox's  experiments,  as  well 
as  in  a  great  number  of  my  own,  the  apparatus  em- 
ployed by  us  was  not  sufficiently  delicate  to  detect 
the  existence  of  currents  in  the  rocks  and  earthy 
constituents  of  the  lodes,  it  is  evidently  useless  to 
attempt  to  discover,  in  the  results  so  obtained,  dif- 
ferences in  the  directions  and  quantities  of  electricity 
in  lodes  which  differ  only  in  their  earthy  minerals.  I 
have,  accordingly,  made  comparisons  only  between 
lodes  which  present  well  marked  and  unmistakable 
differences  in  their  metallic  portions. 

(1.)  In  fourteen  instances  I  have  connected  those 
points  in  the  same  lodes  which  had  similar  mineral 
characters,  and  which  were  separated  neither  by 
cross-veins  nor  any  unproductive  parts  of  the  lodes. 

The  results  are  given  in  the  following  columns; 
and,  in  cases  where  the  points  connected  were  neither 
in  the  same  vertical  nor  horizontal  planes,  I  have 
stated  the  direction  of  the  current  in  reference  to 
both. 

Lode9  dipping  N.  D^UeHotu 

Carrents  from  E.  to  W.  . .  5,  or  33-3  ^  cent.  . .  61^. 

W.  to  E.  . .  2,  „  13-i       „  . .  48«. 

„       downward 1,  „    6*7       „  ..  W«. 

No  electric  action    3,  „  20*0       „  . .    — 
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Lodes  dipping  S.  Deflection. 

Currents  from  W.  to  E.   . .   2,  or  13-3  ^  cent.   . .   90^. 

„       downward 1,  ,,     6*7       „  . .   90**. 

No  electric  action    1,  ,,     67       ,, 


(2.)  In  like  manner  I  have,  in  thirteen  instances, 
connected  portions  of  the  same  lodes  containing  dif- 
ferent metallic  minerals ;  hut  in  only  a  single  instance 
was  the  difference  very  great.  Here,  also,  when  the 
points  connected  were  not  in  either  the  same  vertical 
or  horizontal  plane,  I  have  mentioned  the  direction 
of  the  current  with  regard  to  both  these  planes. 


Lodes  dipping  N. 

Df/UetUm, 

Currents  from  E.  to  W.    . .    3,  or  14*3 

^  cent. 

..  SI*'. 

>f 

W.  toE.    ..    1,„    4'7 

>> 

..   40^ 

9i 

downward  .      1,  „     4*7 

>f 

..  62^ 

99 

upward       ..     I,  „     4*7 
Lodes  dipping  S. 

f> 

..  40^ 

>l 

E.  toW.      .    3,  or  14*3 

>» 

..  69^ 

99 

W.  to  E.     . .    5,  „  24-0 

»> 

..  6o^ 

>> 

downward  . .    4,  ,,  19*0 

>i 

..  62^ 

>9 

upward       . ,    3,  „  14*3 

99 

..  59^ 

I  must  remark  that,  in  every  experiment  in  which 
the  ores  were  different  at  the  points  examined,  I 
have  found  traces  of  electricity. 

(3.)  In  six  cases  I  have  compared  points. in  dif- 
ferent  lodes  composed  of  dissimilar  ingredients.  In 
five  of  them  one  lode  dipped  N.  and  the  other  S. : 
and,  in  every  instance,  the  currents  flowed  froni  the 
former  towards  the  latter ;  and  from  W.  to  S.E.  In 
two  the  points  of  comparison  were  at  equal  depths ; 
but  in  the  other  three,  and  also  in  the  sixth  example, 
they  were  at  different  depths : — in  all,  however,  the 
currents  flowed  downward;    the  deflection  of  the 
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galvanometer,  in  the  horizontal  currents,  averaging 
80*^,  and  in  the  vertical  ones,  73®. 

We  have  thus  nineteen  instances  of  electric  cur- 
rents existing  between  points  of  different  mineral 
composition :  their  directions  are,  in — 

7,  or  'M'o  ^  cent,  from  copper  pyrites,  towards  blende.' 

5**2       »,         from  copper  pyrites  and  galena,  towards  the 

same  substances  mixed  with  blende. 
r>'2       ,,         from  copper  pyrites,  towards  copper  and  iron 

pyrites,  galena,  and  blende. 
ry*2       ,,         from  copper  pyrites  and  yitreous  copper  ore, 

towards  copper  p3rrites  and  galena. 
5*2       ,,         from  black  copper  ore,  towards  black  copper 

ore,  copper  pyrites,  and  g^ena. 
5*2       ,,         from  iron  pyrites  with  a  little  black  copper  ore, 

towards  black  copper  ore  and  iron  pyrites. 
5'2       ,,         from  iron  and  copper  pyrites,  towards  copper 

and  iron  pyrites. 
,  ,,    5*2       ,,         from  oxide  of  tin  and  iron    pyrites,  towards 

oxide  of  tin. 
10-5       ,,         from  vitreous  copper  ore,   towards  the  same 

substance  mixed  with  oxide  of  tin. 
5*2       ,,         from   oxide  of   tin  and  ritreous  copper  ore, 

towards  vitreous  copper  ore. 
5*2       ,,         from  black  copper  ore,  galena,  and  copper  py- 
rites, towards  black  copper  ore. 
5*2       ,,         from  blende,  towards  copper  pyrites. 
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(IV.)  Intimately  connected  with  the  last  subject, 
but  one  of  far  greater  practical  importance,  is  the 
enquiry  whether  the  direction  or  quantity  of  elec- 
tricity has  any  relation  to  the  positions  of  the  largest 
masses  of  ore/    We  have  twenty-five  experiments 

1  Professor  Reich  also  fonad  the  carrents,  in  sefcial  instinnas,  flswisg  la- 
wards  the  blende,  daring  his  experiments  in  the  mine  Himmeifiikrt. 

Edin.  New  PhU.  Joaraal,  zzriiL  (18W),  p.  1. 

9  Mr.  R.  W.  Fox,  Phil.  TnuM.  (18S0),  p.  46t. 
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on  lodes,  of  which  the  richest  parts  are  known  with 
tolerable  certainty :  the  following  is  a  statement  of 
the  directions  and  quantities  of  the  electricity  ob- 
served in  them :  ^ — 

Lodes  dipping  N.  .    D^fiectian. 

Currents  towards  the  richest  part  . .  8,  or  22*2  ^  cent.  •  •  49"*. 

„       from                   „              . .  8,  „  22-2  „  . .  62**. 

„      .  upward      4,  or  11*1  „  . .  53". 

„       downward 4,  „  1 1'l  ,,  .  •  76*^. 

Lodes  dipping  S. 

„       towards  the  richest  part  . .  4,  or  ll'l  „  . .  52<3. 

y«       from                   ,f              . .  3y  ,y    8*3  ,,  .  •  80°. 

„       downward     5,  „  14*0  ,,  . .  70*". 
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(Y.)  It  has  been  shown  in  the  foregoing  pages 
that  the  dip  of  the  lodes,  and  the  position  (shoots) 
of  the  ores  they  contain^  have  reference  to  the  situ- 
ation of  granitic  rocks  in  their  vicinity ;  and,  also, 
that  at  equal  depths,  the  temperature  of  the  granite 
is  lower  than*  that  of  the  slate/  It  becomes,  there- 
fore, an  object  of  much  interest  to  ascertain  whether 
the  directions  and  quantities  of  the  electricity  circu- 
lating through  the  lodes  may  have  any  relation  to 
• 

1  '^  By  connecting  a  galena  point  of  Frisck  Gluck  with  non-metalliferous 
''heary-spar  in  Neu  Hojfnung  (we  obtained)  a  deviation  of  10*>;  the  Berg- 
^'meisteTf  Mr.  Fischer,  ordered  this  point  to  be  worked  out,  and  at  0*8 ni. 
"  (about  5  inches)  distance,  dark  and  light  red  siWer  ores,  and  silver-glance, 
'^  were  found,  which  otherwise  should  never  have  been  won. 

''A  result  so  favourable  seemed  naturally  to  demand  a  further  research  into 
^  the  matter ;  still  it  cannot  be  denied  that  several  other  facts  very  much  de- 
^'  creased  the  hope  of  the  probability  of  an  application  of  this  means  for  the 
*^  discovery  of  hidden  ores.  For  example,  on  tiie  4th  drift,  a  galena  point  in 
"  Friieh  Gluck  was  connected  with  non-metalliferous  heavy  spar  in  the  sole  of 
'^  Neu  Hoffnungy  beneath  which  at  8  metres'  (about  26  feet)  distance,  the  exist- 
'^  eoce  of  rich  silver  ores  was  known  of,  without  any  trace  of  an  action  being 
''  obtained,  although  in  the  vicinity  upon  iron  pyrites,  in  a  cross  vein  of  quartz, 
'^20^  deviation  was  obtained.  The  distance  of  the  ore  most,  then,  be  very 
"  short,  in  order  to  have  any  indication  of  it  by  a  current." 

Prof.  Reich,  Edin,  New  Phil,  Journal,  xxviii.  (1839),  p,  11. 
3  Ante,  pp.  193-245.  3  Ante,  p.  403. 
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the  granitic  rocks  in  their  respective  neighbourhoods. 
The  following  columns  indicate  the  directions  and 
quantities  of  the  electricity  flowing  from  one  to  the 
other,  when  the  points  connected  are  situated  in  the 
same  lodes. 

Lodi$  dipping  N.  D^/Uetum. 

Currents  towards  granite  ..     5,  or  15*1^  cent.  ..  62^. 

„       from  „         . .   10,  „  30*3       „  . .  58''. 

,,       upward    3,  ,,    9*1       „  ..   42*». 

„       downward 3,  „    9*1       ,,  ..  76*. 

Lodei  dipping  S. 
,,        towards  granite    ..     7,  or  21*3       ,,         ..  64**. 
,,       downward    5,  „  15*1        „         . .  54*. 

There  are,  however,  many  lodes  which  run  nearly 
parallel  to  the  strike  of  the  granitic  ranges :  no  rela- 
tions have  been  discovered  between  the  directions 
of  the  electric  currents  in  these  and  the  positions  of 
the  granite  near  them. 

(1.)  We  have  eleven  examples  of  parallel  lodes, 
united  under  circumstances  which  admit  of  our  ex- 
amining whether  the  electric  currents  passing  be- 
tween them  flow  towards  or  from  the  nearest  granitic 
masses. 

In  five  instances  the  currents  tended  towards,  and 
and  in  six  from,  the  granite ;  whilst,  in  all  of  them, 
with  but  a  single  exception,  they  were  descending. 

(VI.)  It  is  well  known  that  the  temperature  of 
the  earth  increases  as  we  descend ;  and,  also,  that 
inequalities  of  temperature  often  give  birth  to  elec- 
tric currents.  It  may,  therefore^  not  be  without 
interest  to  ascertain  the  directions  of  the  currents 
in  those  portions  of  the  lodes  whicli  have  been  ob- 
served to  possess  different  temperatures. 
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I  have  made  fourteen  experiments  on  portions  of 
the  same  lodes,  in  which  inequalities  of  temperature 
were  observed.  The  directions  and  quantities  of 
the  electricity  were/ — 

Direction  of  current,  D^UeUon. 

From  colder  towards  warmer  point,  10,  or  71*4  ^  cent.  . .  80*". 
„    warmer  towards  colder     ,,  4,  ,,  28*6       „        . .  GS**. 

In  three  of  the  four  instances  in  which  the  cur- 
rents flow  towards  the  colder  points^  the  latter 
occupied  the  deeper  situation ;  in  consequence^  pro- 
bably, of  imperfect  ventilation,  which  reversed  the 
natural  order  of  subterranean  temperature. 

(1.)  I  have  examined  the  electric  currents,  between 
points  of  unequal  temperatures,  in  different  lodes,  in 
seven  instances.^ 

In  4,  or  57*1  ^  cent.,  they  have  been  from  the  warmer  towards 

the  colder  point. 

„  3,  ,,  42*9       ,,  ,,  from  the  colder  towards 

the  warmer  point. 

Here,  also,  the  temperatures  of  the  upper  stations 
exceeded  those  of  the  lower  ones  in  three  of  the  four 
cases  in  which  the  currents  flowed  towards  the  colder 
points. 

The  quantities  of  electricity  seemed  much  the 
same  in  both  instances. 

We  have,  therefore,  in  the  whole,  thirty-three  ex- 
periments on  points  at  different  temperatures ;  and 

1  Mr,  R.  W.  Fox  records  eleven  experiments  in  which  the  unequal  tempera- 
tures of  connected  portions  of  the  same  lodes  were  observed. 

In  9,  or  81*8  ^  cent.,  the  currents  flowed  towards  the  warmer  point;  and 

,,  2,  „  18*2      ,,  „  colder. 

In  one  of  the  latter  the  lower  temperature  prevailed  at  the  deeper  point. 

2  Mr.  R.  W,  Fox  has  recorded  only  one  instance  of  this  kind,  and  in  this  the 
current  flowed  towards  the  colder  point, — which  was  also  the  deeper  one. 
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or  66*7  per  cent.,  the  carrents  have  be 
the  warmer,  and  in  11,  or  33-3  per 

ds  the  colder,  points.  \ 

:,  if  we  regard  the  natural  distribnli 
TaneaD  temperature,  and  suppose  the  ■ 
IS  to  have  possessed  the  more  elevated 
ire  accidentally,  and  merely  in  coDseq 
perfect  ventilation,  we  shall  have  the  pi 
f— 

I.)  The  only  remaining  question  is,  wh 
Liantities  of  electricity  are  influenced  b 
ces  between  the  spots  connected, 
i  following  is  a  comparison  of  the  deflc< 
'  galvanometer  when  the  stations  are  lesj 
thoms  apart,  and  when  they  are  more  tha 


ir  91  ^  cent.,  curretits  townrds tile  wanner  p 
„    9       ,,  towards  the  colder.' 
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In  an  attempt  to  effect  chemical  decomposition 
by  passing  the  electricity  from  the  Caunter  lode  at 
East  Wheal  Crqfty  over  paper  moistened  with  a 
concentrated  solution  of  the  iodide  of  potassium/ 
the  result  was  indecisive.  Mr.  Hunt,  also,  says^ 
that  his  experiment  on  the  decomposition  of  the 
sulphate  of  copper  afforded  but  a  slight  deposit  of 
the  metal.  We  therefore,  at  present,  possess  no 
sufficient  means  of  estimating  the  intensity  of  the 
electric  currents  in  hdes ;  the  trifling  effects  noticed 
by  Mr.  Hunt  and  myself  seem,  however,  to  intimate 
that  the  intensity  is  not  very  g^eat. 

(B.)  In  every  case  in  which  I  used  Messrs.  Wat- 
kins  and  HilVs  galvanometer,  I  detected  the  presence 
of  electricity.  In  the  rocks,  however,  it  was  far  less 
abundant  than  in  the  lodes.  Nevertheless,  whilst  a 
single  metal  was  the  medium  of  communication,  its 
direction  was  the  same  in  both ; — with  a  single  ex- 
ception, in  which,  contrary  to  the  general  direction 
of  the  currents,  it  flowed  from  the  warmer  towards 
the  colder  station. 

(C.)  The  directions  and  quantities  of  electricity 
observed  in  rods  and  veins,  when  plates  of  different 
metals  are  employed. — 

Soon  after  the  announcement  of  Mr.  R.  W.  Fox's 
discovery  of  electric  currents  in  the  metallic  portions 
of  certain  lodes,  Mr.  Christie  remarked^  that  some 

1  Dr,  Faraday,  Expermentdl  researehea  in  eUdricUyf  viii.  series,  p.  89S  of  the 
reprinted  Yolume.  The  current  from  a  pair  of  zinc  and  copper  plates,  less  than 
an  iach  sqoare,  immersed  in  a  very  dilate  solution  of  common  salt^  afforded 
almost  an  instantaneous  result. 

s  Report  of  the  Royal  Ck>rnwall  Polytechnic  Society  (1841),  P*  163. 

3  Reports  of  the  British  Association  (1833),  p.  118. 
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^results  might  be  due  to  the  electric  prop 
I  apparatus  employed  ;  an  objection  whi( 
iccurred  to  M.  Becquere!.'  Mr.  Tayloi 
I*  that  the  currents  were  produced  by  cbe 
es  induced  by  atmospheric  influences  a 
and  M.  Von  Strombeck  seems  to  have  ' 
a  somewhat  similar  opinion.^ 
order  to  obviate  these  objections,  Mr.  1 
istituted  a  series  of  experiments  on  the  c 
t  Wheal  Jewel,  in  which  he  effected  the 
ation  between  the  lade  and  the  galvanoi 
mes  with  copper,  sometimes  with  zinc  f 
ccasionally  with  one  of  each.  His  n 
he  same,  whether  the  plates  were  of  siml 
erent  metals.* 

fessor   Reich  has  also  sometimes  used 
of  copper,  but  occasionallv  he  substitu 
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the  rocks  near  them :  in  some  cases  two  plates  of 
copper,  in  others  two  of  zinc,  and  occasionally  one 
plate  of  each,  were  used  ; — the  positions,  also,  of  the 
plates  were  at  times  reversed.^ 

Columns  2  and  4  of  the  following  tables  (ii.  and 
III.)  denote  the  localities  particularized  by  the  same 
letters  in  column  4  of  Table  i. ;  and  the  letters  c  and 
z,  in  columtis  3  and  5,  point  out  whether  a  copper  or 
a  xine  plate  tVais  applied :  the  sixth  column  indicates 
the  directions  of  the  currents^  and  the  last  the 
amount  of  their  action  on  the  galvanometer. 

The  mineral  compositions  of  all  the  points  sub- 
jected tb  trial  are  particularized  in  Table  i. 

1  The  metallic  plates  used  in  these  experiments  were  about  6  inches  long  and 
3|  inches  wide. 
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TABLE  11. 

EiperimenU  on  the  electricity  of  the  CatmUr  lode^  and  of  the  rocks,  at 


"1 

1 
South     Eastfrn 

North 

Wettern 

Direction   of 

Tio.* 

1 

ttatkra.     pUte. 

1 

•teUon. 

pUite. 

cvirvmt* 

Deflection. 

7' 

t 
1 

a       .      e 

c 

!8.E.toN.W. 

Needle  revoWed. 

; 

" 

c 

c 

99 

99 

s 

c            c 

e 

»> 

W 

4 

a      1      z 

e 

9* 

P9 

5 

h      1      X 

c 

99 

Needle  revoWed  rapidly. 

l» 

z 

c 

99 

ft 

7 

c 

f> 

Needle  reroWed  slowly. 

H 

z 

>» 

Needle  rerolved. 

0 

z 

l> 

Needle  reyolved  rapidly. 

10 

z 

99 

11 

11 

z 

t» 

Needle  revolved  slowly. 

la 

z 

»> 

Needle  revolved  rapidly. 

IS 

z 

l> 

•I 

14 

B 

z 

II 

Needle  deflected  10<>. 

15 

B 

z 

11 

Needle  revolved  slowly. 

16 

B 

z 

c 

II 

Needle  deflected  10<>. 

17 

B 

z 

c 

l> 

Needle  revolved  slowly. 

18 

B 

A 

c 

II 

fi 

10 

B 

A 

c 

II 

Needle  deflected  10<>. 

20 

B 

A 

z 

II 

99                   5^. 

21 

B 

A 

z 

.    » 

Needle  revolved  veryslowlj 

22 

C 

B 

c 

N.W.toS.E. 

Needle  deflected  2«>. 

23 

C 

B 

c 

S.E.toN.W. 

»             »0o. 

24 

C 

B 

z 

N.W.toS.E. 

Needle  revolved. 

25 

C 

B 

z 

»i 

Needle  deflected  60®. 

TABLE  III. 

Experiments  on  the  electricity  of  the  south  branch,  and  of  the  rocks,  at 

RasewaU  HiU. 


North 

Eastern 

South 

Western 

Direction  of 

No. 

station. 

plate. 

station. 

plate. 

current. 

Deflection. 

1 

b 

c 

a 

c 

N.E.toS.W. 

Needle  revolved. 

2 

b 

z 

a 

c 

II 

Needle  revolved  rapidly. 

3 

b 

z 

a 

z 

99 

Needle  deflected  SO**. 

4 

b 

c 

a 

z 

S.W.toN.E. 

Needle  revolved. 

6 

b 

c 

c 

z 

N.E.toS.W. 

Needle  deflected  20^. 

6 

b 

c 

c 

c 

II 

Needle  revolved  slowly. 

7 

b 

z 

c 

c 

II 

Needle  revolved  rapidly. 

8 

b 

z 

c 

z 

II 

Needle  deflected  SO^*. 

9 

c 

z 

a 

z 

>i 

„              40«. 

10 

c 

z 

a 

c 

» 

68«, 

11 

c 

c 

a 

c 

w 

1^ 

12 

c 

c 

d 

c 

II 

»>                 2«. 

13 

c 

z 

d 

e 

II 

„               60«. 

14 

c 

z 

d 

« 

S.W.toN.E. 

120<». 

15 

c 

e 

d 

1 

*  1 

)> 

W«. 
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(I.)  At  East  Wheal  Crqfty,  whether  the  plates 
were  of  copper  or  zinc, — of  similar  or  of  different 
metals, — and  whether  the  portions  of  the  lode  which 
were  connected  were  earthy  or  metallic,  the  direc- 
tions of  the  currents  were  the  same ; — from  S.E.  to 
N.W.  The  quantity  of  electricity  seemed  to  be 
greater  when  zinc  (8,  9, 10, 12)  than  when  copper 
plates  were  employed  (1,  2,  3,  7).  It  also  appeared 
greater  when  the  plates  were  so  arranged  that  any 
voltaic  current  they  might  have  produced  would 
have  had  the  same  directions  as  the  natural  electric 
currents  (4,  6,  6),  than  when  opposed  (11,  13). 

(1.)  At  Rosewall  Hill  the  directions  of  the  cur- 
rents were  the  same  (from  N.E.  to  S.W.),  whether 
both  plates  were  of  copper  (l)i  or  of  zinc  (3) ;  and, 
also,  when  the  zinc  plate  was  on  the  north-eastern, 
and  the  copper  on  the  south-western,  station  (2). 
When,  however,  the  positions  of  these  plates  of  dis- 
similar metals  were  reversed,  so  that  any  voltaic 
action  between  them  would  flow  in  an  opposite 
direction  to  the  electricity  in  the  lode,  the  direction 
of  the  current  through  the  galvanometer  was  also 
reversed  (4).  Here,  however,  the  quantity  of  elec- 
tricity seemed  larger  when  plates  of  copper  (1),  than 
when  plates  of  zinc  (3),  were  employed. 

(II.)  When  metallic  points  were  connected  with 
non-metallic  ones,  at  East  Wheal  Crqfty,  the  direction 
of  the  electricity  was  still  from  S.E.  to  N.W.,  al- 
though the  plates  or  their  arrangements  might  be 
changed;  but  it  always  flowed  towards  the  non- 
noietalliq  points.     When  both  plates  were  of  copper 
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ifac  deflection  of  the  needle  was  10^ ;  w1 
'  revolved  when  both  were  of  zinc  (15).   . 

the  north-west  plate  on  the  lode  was  oi 
lie  south-east  one  on  the  rock  was  of  t 
he  deflection  was  10° ;  but,  when  the  poi 
t  plates  were  reversed,  the  needle  sjov 
1  (17V 

At  Rosewall  Hill,  also,  when  the  roc 
ere  connected,  no  alteration  in  the  nat 
m  of  the  plates  caused  any  difl'erence 
^n  of  the  electricity,  which  was  from  N 

When  both  plates  were  of  copper,  tbftd 
)  one  case  (11)  but  just  perceptibli^i 
ir  (6)  the  needle  slowly  revolved  :  on  the 
when  both  plates  were  of  zinc,  the  defli 
I  one  case  (8)  80°,  and  in  another  {9] 
iffcrence  was  again  in  favor  of  the  zinc  | 
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(III.)  When  two  portions  of  rock  were  connected, 
at  East  Wheal  Crqfty,  whether  the  plates  were  both 
of  copper  (22)  or  both  of  zinc  (24),  and  also  when 
the  north-western  plate  was  of  zinc  and  the  south- 
eastern one  of  copper  (25),  the  currents  were  in  the 
same  direction,  viz.,  from  N.W.  to  S.E. ;  and,  there- 
fore, contrary  to  those  flowing  through  the  lodes 
themselves,  or  those  flowing  between  the  lodes  and 
rocks ;  this  direction,  however,  was  from  the  colder 
towards  the  warmer  points. 

In  the  remaining  case  (23),  the  current  flowed 
from  the  warmer  towards  the  colder  point ; — from 
the  zinc  towards  the  copper  plate ;  ^ — from  S.E.  to 
N.W. 

In  two  of  the  first  three  experiments  the  needle 
was  deflected  2^— (22),  60^— (25),  and  in  the  other 
(24)  it  revolved :  in  the  fourth  example  (23)  it  was 
deflected  30°. 

(1.)  At  Rosewall  Hill  there  were  four  experi- 
ments, and  the  currents  flowed  in  either  direction 


1  At  East  Wheal  Crqfty^  ia  the  summer  of  1884,  during  a  severe  thunder- 
storm, a  flash  of  lightning  struck  the  iron  wire  (knocker  line)  by  which  signals 
are  made  to  the  surface  by  the  workmen  underground.  One  of  the  labourers, 
who  at  a  depth  of  about  70  fathoms  was  at  the  same  instant  in  the  act  of  making 
a  signal,  received  a  shock  which  rendered  him  insensible  for  a  short  time. 
Shortly  after  this  occurrence  I  received  from  the  sufferer,  who  was  acquainted 
with  the  effects  of  an  electrical  machine,  a  full  and  satisfactory  relation  of  the 
particulars  of  this  accident,  which  was  the  only  injury  sustained  in  the  mine. 

M.  Daubuisson  (Des  Mines  de  Freiberg,  iii,  p,  150}  describes  a  similar  cir- 
cumstance which  took  place  in  the  mine  Beschert  Gliick,  in  the  year  1787. 

Mr.  Buddie,  also,  states  (Parliamentary  Report,  on  accidents  in  mines (1835), 
p.  151)  that  on  one  occasion  his  father  saw  the  lightning  descend  by  the  pumps 
into  a  mine,  making  a  loud  noise,  but  causing  no  injury ;  and  he  himself  wit- 
nessed a  terrific  explosion  produced  by  the  electric  fluid,  which  ignited  the 
inflammable  gas  ascending  from  the  Lawson  pit. 
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in  an  equal  number.  When  both  plates  were  of 
copper  (12)  the  direction  was  the  same  as  in  the 
lade, — ^from  N.E.  to  S.W.,  and  the  deflection  was  2^; 
when  both  were  of  zinc  (14)  the  current  had  an 
opposite  direction,  and  the  needle  oscillated  through 
an  arc  of  120^,  but  did  not  revolve.  When  a  zinc 
plate  occupied  the  north-eastern  station,  and  a  cop- 
per one  the  south-western  (13),  the  current  flowed 
in  the  same  direction  as  in  the  lode, — from  N.E.  to 
S.W.,  and  the  needle  was  deflected  50^ :  on  reversing 
the  positions  of  the  plates  the  direction  of  the  cur- 
rent was  changed  (15),  and  the  deflection  was  55^. 
In  both  cases,  therefore,  the  currents  flowed  from 
the  zinc  towards  the  copper  plates. 

Throughout  this  volume  it  has  been  my  constant 
aim  to  present  descriptions  and  arrangements  of  the 
facts  which  have  come  under  my  notice;  and  to 
avoid  speculation  on  their  causes.  I  do  not  intend 
to  depart  from  this  rule  in  the  present  instance, — 
indeed  its  observance  seems  to  be  imperative ;  for  in 
dealing  with  substances  so  variable  in  their  mineral 
compositions,^  difiering  so  greatly  in  their  tempera- 
tures, and  whose  other  characters  are  so  numerous 
and  diversified,^  it  need  excite  no  surprize  if  at  the 

1  Mr.  Prideaux,  London  and  Edin.  Phil.  Mag.,  iii.  (1833),  p.  272. 

8  Mr.  R.  W.  Fox  found  that  the  quantity  of  foreign  matter  in  water  ^m  the 
mines  did  not  generally  exceed  5  or  6  grains  in  a  pint ;  though  in  one  instance 
it  was  92  grains : — it  chiefly  consisted  of  muriatic  and  sulphuric  salts- 
Cornwall  6eo«  Trans.,  iii.  p.  823. 

Small  as  these  quantities  of  salts  are,  mine-water  is  well  known  to  be  a  pow- 
erful preservative  of  wood  from  dry  rot.    The  late  Captain  Hercules  Micheil 
^  suggested  the  formation  of  a  tank  for  receiving  the  water  from  the  great 
Gwennap  adit,  and  immersing  in  it  the  timber  intended  for  ship-building. 
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commencement  of  our  enquiries  we  are  unable  to 
determine  those  general  laws,  the  discovery  of  which 
is  always  reserved  as  the  last  reward  of  diligent  and 
patient  research. 


The  experiments  of  M.  Becquerel,^  Mr.  R.  W. 
Fox/  Mr.  Crosse/  and  others,  on  the  chemical 
changes  in  various  substances  by  the  long-continued 
action  of  electricity  of  low  tension,  are,  without 
doubt,  more  or  less  connected  with  our  present  sub- 
ject. They  are,  however,  separated  from  it  by  an 
interval  of  unknown  extent,  unexplored  by  experi- 
ments / — and  if  we  abandon  the  cautious  process  of 

1  Traits  de  r£lectricit^,  i.  p.  330,  iii.  p.  295 

2  Reports  of  the  British  Assoc.  (1836).  p.  81 :  Report  of  the  Royal  Cornwall 
Polytechnic  Society  (1836),  p.  115. 

8  Reports  of  the  British  Association  (1836),  p.  47. 

4  On  the  17th  of  February,  1842,  an  earthquake  shock  was  felt  throughout 
considerable  portions  of  the  Helston,  Camborne,  and  Redruth  mining  districts. 
Noises  were  heard,  and  concussions  felt,  both  at  the  surface  and  at  considerable 
depths  in  several  of  the  mines. 

The  sounds  heard  at  the  surface  were  compared  to  distant  thunder,  and  the 
passing  of  carriages; — underground,  to  the  falling  of  the  bucket  (Idbhle)^oyfn 
the  shaft,  followed  in  some  instances  by  a  rattling  as  qf  a  chain  descending, — ^to 
the  falling  of  rubbish  (running  qf  stuUs),  and  in  one  instance  the  rock  emitted 
a  sharp  crackling  noise. 

Houses  shook  so  that  earthenware  clattered  on  the  shelves, — hedges  were  felt 
to  tremble,  as  also  were  some  portions  of  the  workings  in  the  mines ;  and  in 
one  instance  (at  East  Wheal  Crofty)  the  men  left  their  work  in  alarm,  fearing 
that  the  sides  of  the  shaft,  in  which  they  were,  was  falling.  Report  of  the 
Royal  Institution  of  Cornwall  (1841,  published  in  1842),  p.  44:  Report  of  the 
Royal  Cornwall  Polytechnic  Society  (1841),  p.  167. 

Mr.  Moore  states  that  the  earthquake-shock,  in  the  present  year,  was  so  se- 
verely felt  in  some  of  the  coal  mines  in  Lancashire,  as  to  have  terrified  the 
labourers ;  and  that  the  boring  of  a  well,  near  Bolton,  was  so  dislocated  that 
the  rods  would  not  pass, — a  spring  also  which  had  flowed  there  had  entirely 
disappeared.    Standard,  1843,  April  19th. 
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ion,  and  attempt  to  supply  our  want 
with   vague   and    hazardous    conjei 
etard,  rather  than  advance,  our  p 
covery  of  truth. 

W.  J.  HEN^ 

bgnce-street,  penzancb, 
1843,  April  [JJ^ 

APPENDIX. 

No.  4. 

Statistical  notices  of  the  Mines  in    Cornwall 

and  Devon. 

As  the  foregoing  pages  contain  so  many  details  of 
the  descriptive  and  economic  geology  of  the  mining 
districts  of  the  Duchy  of  Cornwall,  it  may  be  useful 
to  add  a  brief  notice  of  their  mineral  produce, — of 
the  population  employed, — machinery  required, — 
and  materials  consumed  in  them. 

In  "  Grylls's  Mining  sheets''^  the  yearly  produce 
of  tin  and  copper  ore  is  accurately  stated  ;  and  their 
quantities  and  value  during  many  years  are  given 
in  great  detail  by  Sir  Charles  Lemon,  Bart.,^  and 
Joseph  Came,  Esq.^ 

Of  the  other  minerals,  the  produce  of  which  is 
less  easily  ascertained,  the  best  account  is  by  Mr. 
Courtney;*  and  some  useful  information  will  be 
found  in  Sir  Henry  Thomas  De  la  Beche's  ''Report y* 
pp.  609-618. 

I  have  satisfied  myself  of  the  general  accuracy  of 
Sir  Charles  Lemon's  statement^  of  the  population 


1  Printed  and  sold  by  Francis  Symons,  Redruth. 
2  Journal  of  the  Statistical  Society,  i.  (1838),  ^,  70-78,        3  ibid,  ii,  pi  261. 
4  Treatise  on  the  Statistics  of  Cornwall,  Report  of  Royal  Corn.  Polytechnic 
Society  (1838),  p.  81. 
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fed  in  the  mines,  and  made  much  u 
5W  instances,  however,  1  have  had  occ 
from  Mr.  Courtney's  "  Statistical  ren 
Just,"  '—from  the  Rev.  Dr.  Bolter's  "St 
t"  of  the  same  parish,* — and  fron 
in  Register,"^  published  by  the  Rei 
(. 

information  respecting  the  steam  po 
I  is  chiefly  derived  from  Messrs.  Lean' 
'  statement  of'  the  improvements  in 
engines,"  pp.  143-145, — from  their  " 
ter" — from  Mr.  Tonltin's  " Accovni 
jjei^ormed  by  stcaia-engtnes"* — and  1 
ces  from  my  own  personal  enquiries. 
Charles  Lemon  has  given''  a  copiou 
als  consumed  in  the  mines,  from  whicl 
*   quoted:    the  remaining    details  ha' 
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As  Sir  Cfaaries  Lemon's  labours  hare  supplied  so 
full  a  description  of  the  state  of  the  mines  in  the 
year  1837-8^  I  have  thought  it  better  to  give  such 
additions  to  that  account  as  were  in  my  power,  than 
to  attempt  a  similar  one  for  a  more  recent  period. 

The  following  table  affords  a  view  of  the  produce 
of  the  copper  mines ;  and  of  the  persons  at  work, 
and  steam  and  water  employed,  in  all  the  mines  in 
the  Dnchy  generally,  during  the  year  ending  with 
June,  1838. 
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The  foregoing  table  shows  that  the  copper  ore 
produced  from  the  mines  in  Cornwall  and  Devon, 
within  the  year  ending  with  June,  1838,  was  151,554 
tons,  averaging  7f  per  cent  of  metal,  and  therefore 
containing  12,042  tons  of  copper.  The  average 
price  of  the  ore  was  £5  :  18  :  4  per  ton,  and  the 
Standard  value  of  copper  £109  :  3  :  0  per  ton; 
giving  a  total  value  of  £897,558  :  0  :  0.' 

The  quantity  of  tin  obtained  during  the  same 
time  was  about  5,130  tons;^  and,  as  the  mean  per 
centage  of  metal  in  the  ore  was  65f  (or  13i  in  20),^ 
it  was  yielded  by  about  7,817  tons  of  ore.  The 
average  price  of  tin  during  the  year  was  about  £90 
per  ton,  making  a  total  value  of  £461,700. 

Mr.  Taylor  states  the  quantity  of  lead  produced 
within  the  district  to  have  been, — 

In  1828     2,000  tons," 

1835     140     „    ' 

Sir  H.  T.  De  la  Beche  estimated  it, 

in  1838,  at 180  « 

Mr.  Courtney        „  „  1,800 


99 

7 


99 

1  The  quaDtities  of  copper  ore  obtaiDed  at  various  periods  are  particularized 
by  Mr.  Pryce,  Mineral.  Cornub.,  p.  xi. ;  in  the  Corn.  Geo.  Trans.,  i.-ii.-iii.-iv. ; 
by  Mr.  Taylor,  Records  of  Mining,  p.  169 ;  by  Sir  Charles  Lemon,  Journal  of 
the  statist.  Soc,  i.  p.  70 ;  by  Mr.  Courtney,  Report  of  Royal  Com.  Pol.  Soc. 
(1838),  p.  136;  and  by  Sir  H.  T,  De  la  Beche,  Report,  pp.  597-608. 

2  Until  Oct.,  1838,  all  tin  obtained  in  the  Duchy  of  Cornwall  paid  a  duty  to 
the  Duke,  or  to  the  Sovereign  when  there  was  no  Duke : — that  smelted  in 
Cornwall  of  four  shillings  for  120  lbs.;  that  in  Devon  of  one  shilling  and  six- 
pence three  farthings  for  112  lbs.  The  weighing,  necessary  for  ascertaining  the 
amount  of  duty,  supplied  a  record  of  the  quantity,  and  since  its  abolition  there 
is  no  means  of  discovering  it  with  any  degree  of  certainty. 

3  For  this  information  1  am  indebted  to  Thomas  S.  Bolitho,  Esq.,  who  also 
mentions  that  the  proportion  of  metal  in  the  ore  has  not  varied  more  than  1  per 
cent,  for  several  years  past. 

4  Records  of  Mining,  p.  173.    6  Mining  Review,  No.  ix.  (1837),  p.  36. 

6  Report,  p.  611.    7  Report  of  the  Royal  Corn.  Polytech.  Soc.  (1838),  p,  100. 
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in  some  reason  to  depend  on  the  act 
tast. 

quantity  of  iron  ore  obtained  in  Cor 
t,  was  estimated  by  Mr.  Courtney  at  i 
considerable  quantities  were  also  procu 
:  the  whole  produce  of  the  district  wa 
lot  less  than  40,000  tons  per  annum.      ' 

(oxide  of)  manganese  exported  fronq 
id  Devon,  in  the  period  of  our  enquir] 
by  Mr.  Courtney"  at  from  700  to  1,000 

Sir  H.  T.  De  la  Beche*  at  5,000  tons ; 
is  probably  the  more  accurate.  At  thai 
rage  value  was  about  ^8  per  ton,  gii 
due  of  jE  40,000. 

B  600  to  800  tons  of  (the  oxide  of )  a 
ibably  produced  annually  in  Cornwall 

it  is  at  present  disregarded,  as  an  arti 
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Blende  (black  Jack)  and  iron  pyrites  (mundic) 
have  recently  been  worked  to  considerable  extent^ 
and  several  thousand  tons  of  each  have  been  ex- 
ported ;  during  the  year  1837-8,  however,  they  were 
unwrought. 

The  population  enumerated  in  the  foregoing  table 
amounts  to  28,522 :  but  there  are  several  mines,^ 
of  which  we  have  no  account,  which  employed,  at 
least,  1,500  persons  more:  the  total  number  of  indi- 
viduals labouring  in  the  mines,  in  the  year  1837-8, 
was,  therefore,  not  less  than  30,000. 

I  have  not,  in  every  instance,  been  able  to  obtain 
an  exact  account  of  the  numbers  of  men,  women, 
and  children  employed ;  but,  as  the  cases  in  which 
I  have  procured  every  particular  consist  of  mines 
in  all  the  different  districts,  and  comprize  more  than 
six-sevenths  of  the  whole,  I  have  some  confidence 
in  the  accuracy  of  the  proportions  they  indicate. 
In  the  mines  particularized  in  the  preceding  table 
the  men  employed  were  14,905, — the  women  4,650, 
— and  the  children  4,650. 

If  we  apply  these  proportions  to  the  total  number, 

it  wiU  give,— Men    18,472 

Women 5,764 

Children   5,764 

30,000 


1  Ding  Dong,  Wheal  Leeds,  Sydney  Cove,  Duffield,  Wheal  Tehidy,  Wheal 
Tolgus,  Wheal  Harmony,  Poldice,  TreUigh  Consols,  Wheal  Sparrow, South  Wheal 
Towan,  Wheal  Burrow,  Wheal  Clifton,  Wheal  Plenty,  Great  Wheal  Charlotte, 
Wheal  Elizabeth,  Wheal  Union,  South  Caradon,  &c. 
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The  quantities  and  prices  of  the  principal  ma- 
terials consumed  in  the  mines,  in  the  year  1837, 
have  been  ascertained  by  Sir  Charles  Lemon  :^ — 
they  were — 


Coals 56,860  tons,  @  £0 

Timber    14,056  loads  ^  „     2 

Gunpowder . .  300  tons,    „   44 

Candles 1,344,000  Ibs.s    


17  :  0  ^  ton 
12  :  0  „  load 
0 


•  • 


0  „  ton 


•  • 


£48,33  L 
36,545 
13,200 
35,000 


Although  the  foregoing  particulars  are  probably 
close  approximations  to  the  truth,  they  cannot  pre- 
tend to  minute  or  perfect  accuracy ;  as  the  produce 
of  the  mines, — the  population  employed, — and  the 
materials  consumed  in  them,  are  subject  to  continual 
fluctuation/ 


1  Journal  of  the  Statistical  Society,  i.  (1838),  pp,  81-82. 

Sir  Charles  Lemon  also  gives  the  following  account  of  the  different  materials 
used  in  the  Consolidated  and  Fowey  Consols  Mines  in  1836 ;  which  will  aid  us 
in  obtaining  an  approximation  to  the  total  quantity  of  each  article  consumed  in 
all  the  mines  of  Cornwall  and  Devon : — 


Coals,  tons     

Iron       ,y  . .         .... 

Steel,  cwts 

Tallow    „        

Ropes     

Candles  . .        lbs. 

Gunpowder      ....      „     ... 
192  hides  of  Leather   „ 
Norway  Timber,    cubic  feet 
American  Pine  „ 

„         Oak  „ 

Patent  half-inch  chain,  ftns. 
Pick  and  Shovel  Hilts,  doz. 
Nails,  &c.,  bags         .... 
Engine  Shag  (flannel),  yds. 

Oil,  galls.        

Safety-fuse  for  blasting 
Foundry  bills,  Pumps,  &c. 
Books,  Stationery,  kc. 


2  Of  50  cubic  feet. 

s  This  estimate  I  have  obtained  through  the  kindness  of  Mr.  Higgs. 

4  Full  details  of  the  produce, — population  and  machinery  employed, — and 
coals  consumed,  in  the  mines  between  Chacewater  and  Camborne,  in  the  years 
1817  and  1818,  are  given  in  Mr.  Thomas's  Report,  p.  75. 


Consolidated 

Fotveu 

Mines, 

Consols. 

11,817 

1,301 

108 

90 

135 

91 

876 

77 

»77 

379 

113.916 

72,000 

64,000 

66,600 

8,996 

2,352 

49,091 

45,928 

2,129 

1,376 

— 

708 

2,474 

700 

13,096 

664 

91 

58 

3,438 

700 

996 

916 

£  262:10:0 

£ 

476  :  4 : 2 

£1,735:  0:1 

£1,776:4:2 

£     60:   6:7 

£ 

62 :  5 :  4 
Ibid,  p.  76. 
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1,  steel,  tallow,  leather,  and  ropes  ar 
tant  items  in  mining  expenditure; 
[uantity  of  these  I  have  been  unabi 
its,  or  even  estimates,  entitled  to 

W.  J.  HEN' 

VltENCE-STREET,    PBNZAMCB, 

1843,  March  30th. 

EXPLANATION  OF  THE  PLATES. 


Id  the  plans  the  lodes  are  denoted  by  single  lines,  and  the  cross- 
veins  by  double  lines ;  whilst  elvan-courses  and  masses  of  granite 
are  shaded. 

In  the  fignres,  illustrative  of  the  electrical  experiments,  the  work" 
ings  are  denoted  by  double  lines,  and  arrows  indicate  the  directions 
of  the  currents. 

In  longitudinal  sections,  only  the  portions  which  have  been 
removed  are  shaded. 

All  those  marked  with  an  asterisk  (*)  were  copied  from  the 
working  plans  and  sections  on  the  mines : — the  others,  with  the 
assistance  of  the  Agents  of  the  mines,  were  constructed  from  my 
own  observations. 

Plate  L 

Imaginary  illustration  of  a  lode  heaved  towards  the  right 

hand  and  greater  angle. 
Imaginary  illustration  of  a  lode  heaved  towards  the  left 

hand,  and  smaller  angle. 
Plan  of  Wheal  Bellon,  Table  II. 
Park-noweth,  Table  VI. 
Botallack,  Table  VII. 
Electrical  experiment  at  Botallack  (longitudinal  section). 
Plan  of  Wheal  Cock,  Table  VIII. 
Electrical  experiment  at  Wheal  Cock  „ 

„      9*.  LongitudinalsectionofZevanf,  Table  IX. 
„    10.     Electrical  experiment  at  Levant  „ 


Fig. 

1. 

>> 

2. 

3. 

4. 

6. 

6. 

7. 

8. 

Plate  11. 

Fig.  1*.  Plan  of  Wheal  Speam,  Table  X. 
2*.        „       South  Speam. 
3*.        „       Ding  Dong,  Table  XIII. 
4*.         „       Saint  Ives  Consols,  Table  XVI. 

5*.  Longitudinal  section  of  the  Carbona  at  Saint  Ives  Consols. 

7*.  Plan  of  Wheal  Speed,  Table  XXII. 
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Plate  VII. 

Fig.  1*.  Plan  of  Wheal  Buller,  Table  LVIII. 
2*.         „        Tresavean,  Table  LIX. 
3.  „        Ting  Tang,  Table  LX. 

4*.         „       East  Wheal  Damsel,  Table  LXIV. 

5.  Electrical  experiment  at    Wheal  Damsel  (Ion.  sect.). 

6.  Electrical  experiments  „  (transverse 
section). 

7*.  Plan  of  WhealJewel,  Table  LXV. 
8.     Electrical  experiment  at  Wheal  Jewel  (transverse  sect.). 
11*.  Plan  of  Wheal  Unity  Wood,  Table  LXVI. 


99 

ft 

99 

,99 


99 

99 

',',    12*.        „        Cardrew  Doums,  Table  LXVIII. 
„    13*.        „       North  Downs,  Table  LXIX. 


9> 
99 
99 
99 
99 


14.  „       a  part  of  North  Downs. 

16.     Transverse  sect,  of  South  Wheal  Towan,  Tab.  LXXII. 

15a.  Electrical  experiment  at  „  (Ion.  sect.). 

16.  Plan  of  part  of  Wheal  Towan,  Table  LXXIII. 

17.  Electrical  experiment  at   „         (longitudinal  section). 


Plate  VIII. 
Fig.  1*.  Plan  of  tbe  Consolidated  ilftne«,  Tables  LXII.  LXIII. 
,,  2^  3.  Electrical  experiments  at  tbe  Consolidated  Mines,  (longi- 
tudinal sections). 
4*.  Plan  of  the  United  Mines,  Table  LXI. 
6.     Transverse  section  of  Wheal  Vyvyan. 


99 

99 


Plate  IX. 
Fig.  1.     Transverse  section  of  Polberrow,  Table  LXXVII. 

3*.  „  West  Pink,  Table  LXXVIII. 

6.     Plan  of  Wheal  Prudence,  TMe  LILXX. 

6.     Transverse  section  of  Wheal  Prudence. 

7*.  Plan  of  Great  Saint  George,  Table  LXXXI. 

8.     Transverse  section  of  Great  Saint  George. 

9*.  Plan  of  Wheal  Budnick,  TMe  LXXXUl. 
10*.        „        Polgooth,  Table  LXXXV. 
11*.  Transverse  section  of  part  of  Polgooth. 
12*.  Plan  of  Pembroke,  Table  LXXXVII. 
14*.        „       East  Crennis,  Table  LXXXVIII. 


99 
99 
99 
99 
99 
99 
99 
99 
99 
99 


Plate  X, 

Fig.  If.  Plan  of  Fowey  Consolidated  Mines,  Table  LXXXIX. 
„      2t.  Transverse  section  of  Fowey  Consolidated  Mines. 
„      3*.  Plan  of  Beam,  Table  XC. 

t  Both  these  figures,  and  also  Plates  10  and  11  in  Sir  H.  T.  De  la  Beche's 
Report,  are  reduced  from  lithographic  plans  constructed  and  sold  by  Mr. 
Benjamin  Brokenshaw,  underground  Surveyor  at  the  Fowey  Consolidated 
Mines. 
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Absorption  of  rain-water  by  different  rocks,  438. 

Aclandy  Sir  T.  D.,  Bart,  M.P.,  his  subscription,  3. 

Adity  the  great  Gwennap,  commenced  by  —  Williams,  Esq.,  89*, 

411,421. 
,  temperature  of  water  in,  411. 

,  its  annual  saying  to  the  mines,  420, 

,  its  water  a   preservative  firom  dry-rot, 

468*, 
Ages,  relative,  of  veins,  deduced  from  their  intersections,  379, 382. 
Agnes,  Saint,  the  mining  district  of,  93. 

,  temperature  of  mines  in,  399. 

,  statistics  of,  472. 

Air,  its  temperature  in  Mines,  387* 

Alston-moor,  experiments  on  the  electricity  of  rocks  at,  446. 
Alternations  of  granite  and  slate,  47,  58,  60,  71,  96, 148. 
Angles  included,  relations  between  them,  and  the  directions  and 

distances  of  heaves  and  leaps,  Table  CVIII.,  300,  333,  334. 
Ann,  TFAca/,  Table  XLVril. 
Antimony,  ores  of,  271,  478. 
Apparatus,  electric,  description  of,  448,  460,  461. 
Arsenic,  description  of  its  manufacture,  86*. 
— ,  quantity  obtained,  86*,  478. 
Atmosphere,  depth  to  which  its  temperature  acts,  406. 

,  effects  of  variations  in  its  pressui*e  on  springs,  442. 

•9 '  on  tides,  443, 

Aubyn,  St.,  Sir  John,  Bart,  his  subscription,  3. 
Austell,  Saint,  mining  district  of,  116. 
'  ■  ,  temperature  of  mines  in,  400. 

,  statistics  of,  473. 

Bakewell,  Mr.,  on  granite  veins,  29. 
Balleswidden,  small  tin- veins  of,  16. 
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n,  singukr  tin-veins  of,  '24. 

n,  Dr.,  on  siibniarioe  forests,  34, 

,  on  subterranean  temperature,  389,  394. 

eter,  relation  between  its  indications  aud  the  qua 
;oal-raiQes,  442. 
,  liberality  of  the  family  of,  60. 
■a,  raised,  13,  34,  65. 
ffline,  Table  XC. 
Lamp  and  Buller.  Wheal,  Table  LVIII. 

ings,  443. 

:rel,  M.,  on  chemical  changes  ioduced  by  clecl 

1'. 

,  on  the  causes  of  electric  cucrentE  in  fodc 

,  on  the  elevation  of  a  liquid  on  one  sid 

agm,  444. 

,  Wlieal,  Table  III. 

,  Dr..  oTi  the  position  of  the  state  at  Cairn  Mattl 

,  on  china-stone,  116, 

Wheal.  Table  XCVII. 
■  Dotcn*,  Table  XXXIX. 
Trtn,  Table  XCVII  I. 

ff.  Prof,,  on  subterranean  temperature,  405,  410, 
,  OQ  the  temperature  of  Bonn.  416. 
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Borlase,  Dr.,  on  submarine  forests,  34. 

,  on  the  earthquake  of  1767,  77. 

,  6.  S.,  Esq.,  his  subscription,  3. 


Boscaswell  Doums,  Table  XII. 

Botallack,  Table  VII. 

Bou6,  Dr.,  on  M.  Von  Strombeck's  electrical  experiments,  446. 

Breadth  of  lofles,  240. 

Brecciated  structure  of  lodes,  211. 

Brothers,  Wheal,  Table  XCIII. 

Buckland,  Rev.  W.,  D.D.,  on  the  elvan-course  at  Trevellas,  104. 

Buddie,  John,  Esq.,  on  the  descent  of  lightning  into  mines,  457*. 

Budnick,  Wheal,  Table  LXXXIII. 

Buller,  Rev.  John,  on  mining  statistics,  462. 

Bunny,  on  the  tin- veins  of  the,  121. 

Burr,  F.,  Esq.,  on  the  ComoUdated  Mines,  76 

■  ■  ,  on  the  structure  of  hdes,  188. 

,  on  the  composition  of  lodes,  204. 

,  on  the  heaves  of  lodes,  383. 

Calcareous  rocks,  136, 157, 

spar,  at  East  Wheal  Crofty,  222. 

Callington  and  Tavistock,  mining  district  of,  131. 

■ ,  temperature  of  mines,  400. 

,  statistics  of,  475. 

Camborne  and  Illogan,  mining  district  of,  57. 

, ,  temperature  of  mines,  395. 

,  statistics  of,  468. 

Candles,  quantity  of,  used  in  the  mines,  481. 

Carbonaceous  rocks,  135,  158. 

Carbona,  at  St,  Ives  Consols,  19,  21 . 

Carclaze  tin  mine,  120,  212. 

Cardiganshire,  experiments  on  the  electricity  of  the  lodes  there,  445. 

Cardrew  Doums,  Table  LXVIII. 

Carew,  Richard,  Esq.,  on  the  tin  ore  of  St.  Agnes,  112. 

Cam  Brea  Mines,  Table  LIII. 

Carne,  Joseph,  Esq.,  his  subscription,  3. 

— — ,  on  the  geology  of  St.  Just,  12. 

,  on  elvan-courses,  30,  33,  52. 

,  on  wood-tin  in  mines,  32. 

^  on  raised  beaches,  34. 

,  on  the  concretionary  structure  of  the  lode  at 

Relistian,  38. 
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CoofiguratioQ  of  lodes  in  contact  with  cross-veins,  377. 
Consolidated  Mines,  TaUes  LXII.,  LXIII.,  88*,  481. 
Conybeare,  the  Rev.  J.  J.,  on  the  elvan  at  Trevellas,  104. 
Cooks-kitchen,  Table  LI. 
Copper  ore,  in  granite,  73. 

,  vitreous,  most  abundant  in  massive  rocks,  195. 

pyrites,  most  abundant  in  schistose  rocks,  195. 

mining,  statistics  of,  477. 

,  minerals  which  usually  accompany  it,  227, 228. 

,  minute  veins  of,  238. 

,  ores  in  cross-veins,  270. 

lodes,  their  heaves,  Table  C  VII.,  286,  291,  292. 

by  each  other,  289 


•  heaving  cross-veins,  293,  294. 

•  most  frequently  leap  downward,  332. 
;  temperature  of,  404,  406,  409. 


Cordier,  M.  le  Baron,  on  subterranean  temperature,  411. 

Courtney,  Mr.,  on  mining  statistics,  462,  477,  478. 

Crennis,  East,  Table  LXXXVIII. 

Crofty,  East  Wheal,  Table  LVI.,  454*. 

Crooked  hdes  not  often  productive,  231. 

Cross-course,  the  great  Gwennap,  88,  107  (see  Cross-vein), 

Crosse,  Andrew,  Esq.,  on  chemical  changes  caused  by  electricity, 

459*. 
Cross-veins,  their  composition,  91,  257,  263,  267. 

,  their  structure,  259,  262,  274. 

,  their  joints,  261. 

,  their  dimensions,  275. 

,  their  inclinations,  91,  276. 

,  their  directions,  257,  278. 

,  their  relations  to  the  contiguous  rocks,  92,  259,  263. 

,  not  always  appearing  at  surface,  66,  89,  381. 

,  sometimes  of  but  short  extent,  89,  381. 

,  often  traced  through  several  mines,  255. 

y  channels  for  the  circulation  of  water,  258. 

,  near  lodes  they  contain  ores,  271,  273. 

,  heave  lodes  of  different  compositions.  Table  C  VII,  286. 

■,  in  different  rocks,  296. 


,  influence  of  their  breadths  on  the  extent  of  heaves, 

298,  300. 

-  ■  the  included  angle  on  the  extent  of  heaves, 


300. 
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De  la  Beche,  Sir  H.  T.,  on  carbonaceous  rocks,  135. 
» on  the  localities  of  manganese  ores,  141. 

» on  jointed  structure,  169. 

,  on  brecciated  structure  in  lodes,  211, 


",  on  the  heaves  of  lodes,  383. 
',  on  mining  statistics,  461 ,  477,  478. 


Depths,  on  the  extent  of  heaves  at  different,  306,  308. 

,  on  temperature  at  different,  402,  403,  404. 

,  influence  on  the  quantity  of  water  in  mines,  430. 

Devonshire,  Wheal,  Table  LXXV, 

Dew,  deposit  of,  421. 

Diagonal  movements  of  veins,  investigations  of  results,  348,  351, 

354,  361,  362,  363,  365,  367,  375,  376. 
Ding  Dong,  Table  XIII. 
Dip  of  lodes,  245. 

towards  granite,  245. 

of  cross-veins,  276. 

of  slides,  281. 

of  veins,  relations  to  their  heaves,  303. 

Directions  of  lodes,  250. 

of  cross-veins,  278. 

of  slides,  281 . 

of  heaves  of  different  lodes,  286. 

by  different  cross-veins,  291,  292. 

by  the  same  cross-vein,  308. 

in  different  rocks,  296. 

of  veins  with  different  dips,  303. 

of  lodes  by  each  other,  289,  315. 

of  cross-veins  by  lodes,  287,  293,  297,  314. 

of  leaps,  382. 

and  heaves,  apparently  influenced  by  mineral 


composition,  333. 

of  electric  currents  in  lodes,  449-458. 

.  between  lodes  and  rocks,  454*,  456*. 

in  rocks,  454*,  457*. 


Dislocations  of  lodes,  284, 335  (see  Heaves). 
Displacements  of  lodes,  284,  335  (see  Heaves). 
Distances  of  heaves  of  lodes  by  cross-veins,  286,  290,  292,  296, 
298,  300,  301,  303,  306,  308,  316,  320. 

by  branches  of  cross^veins,  310. 

of  branches  of  lodes  by  cross-veins,  313. 
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Distances  uf  keacet  of  lodet  by  each  other,  289,  315,  324. 
of  crost- vtfiMf  by  lodes,  287,  293,  314,  320. 


of  leapt,  334. 


Districts,  miDing,  deacnptions  of,  7,   16,  27,  35,  43,  57,  69,  93, 

115,  131. 

,  subterranean  temperature  in,  402,  406. 

,  statistics  of,  464-468,  470,  472,  473,  475, 

Dolcoath,  Table  L. 

Dolgclley,  copper  mines  near,  236. 

Dawgas,  Table  LXXXIV. 

Drainage  by  the  Gwennap  adit,  417,  423,  425. 

Drakewalls,  tin-veins  in  slate  at,  135* 

Dufficld  (  Weeih),  Table  XXXVII. 

Dunstanvillc,  Lord  De,  his  subscription,  3. 

Durham,  electric  currents  in  the  lead  lodes  of,  446. 

Dutrochct,  M.,  on  the  effects  of  electric  currents  in  altering  the 

level  of  fluids,  444. 
Duty  of  steam  engines,  413,  420. 

Earthquakes,  notices  of,  77,  141 ,  459*. 

Edmonds,  Richard,  Esq.,  on  the  granite  at  Herland,  40. 

Edward,  Wheal,  Table  V. 

Electricity,  on  chemical  changes  induced  by,  206,  445,  459*. 

,  its  influence  on  the  level  of  liquids  in  contiguous  cells, 

444. 

■  in  lodes,  its  magnetic  effects,  445. 

,  directions  of  currents  when  copper  plates  were 


used,  449-^58. 

when  plates  of  different 


metals  were  used,  459-455*. 

in  rocks,  directions  of  currents  with  plates  of  different 


metals,  457*. 

in  rocks  and  lodes,  directions  of  currents  with  plates  of 


different  metals,  455*. 
Elevation,  results  necessarily  attending,  346,  372,  373,  375  (see 

Sultsidence), 
Elizabeth,  Wheal,  Table  XXXII. 
Ehan-eourses,  30,  87,  51,  62,  80,  86, 102, 126, 137^  160« 

,  their  directions,  160. 

,  their  dips,  160. 


,  their  compositioD,  161,  221  < 
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Elvan-courses,  containing  tin  ore,  33,  37,  38,  85. 

^  other  metallic  substances,  164. 

,  their  structure,  163,  224. 

,  their  influences  on  the  lodes  passing  through  them, 


91,  221,  224. 

—  are  not  usually  heaved,  67,  90, 

,  where  heaved,  91,  104,  107. 

,  where  leap,  104. 

traverse  all  other  rocks,  161. 


-  heave  the  lodes  at  Polgooth,  128,  327. 


Encrinites,  where  found,  125,  157. 

English,  Henry,  Esq.,  his  subscription,  3. 

Enys,  J.  S.,  Esq.,  on  the  jointed  structure  of  rocks,  169. 

Evaporation  from  the  surface  of  the  earth,  421,  423. 

Falmouth,  the  Earl  of,  his  subscription,  3. 

Falmouth,  mean  temperature  of,  405. 

Falmouth,  Wheal,  Table  LXVII. 

Flintshire,  electric  currents  in  the  mines  of,  445. 

Floors,  tin,  13. 

Flucans,  254,  291,  292  (see  Cross-veins). 

Fluids,  their  levels  influenced  by  electric  action,  444. 

Fluor,  an  ingredient  in  granite,  72. 

Forbes,  Dr.,  on  the  Land's-end  district,  16,  30,  33. 

,  on  subterranean  temperature,  389-391,  393-395. 

Forbes,  Prof,  on  subterranean  temperature,  405. 
Forster,  Mr.  Westgarth,  on  pipe- veins,  237. 
Fortune,  Great  Wheal,  Table  XXIX. 
Fournet,  M.,  on  tin  ore,  .13,  31. 
Fowey  Consols,  Table  LXXXIX. 

— — ,  profits  of  the  mines,  129. 

,  materials  used  in,  481. 

Fowey,  drainage  by  the  river,  415. 

Fox,  George  Croker,  Esq.,  his  subscription,  3. 

Fox,  G.  C.  &  R,  W.  &  Co.,  Esqs.,  their  subscription,  3. 

Fox,  Robert  Were,  Esq.,  his  subscription,  3. 

,  on  the  jointed  structure  of  rocks,  169. 

,  on  the  brecciated  structure  of  lodes,  21 1 . 

,  on  the  heaves  of  lodes,  383. 

,  on    subterranean    temperature,    389, 

393-396,  399,  400,  405,  407-410. 
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Greater  angle,  heaves  towards,  6,  286  (see  Heaves). 

Great  St.  George,  Tables  LXXXI,  LXXXII. 

Great  Work,  Table  XLIII. 

Greoville,  Lord,  his  subscription,  3. 

Grylls,  Mr.,  his  annual  Mining  Sheets,  461. 

Guides,  9,  254  (see  Crass-veins). 

Gunpowder,  effects  of  its  explosion  on  subterranean  temperature, 

387. 
'  s  quantity  of,  used  in  the  mines,  481. 

Gwallan,  Table  XXVI. 
Gwennap  and  Redruth,  mining  district  of,  69. 

,  temperature  of  mines  in,  396. 

,  great  adit,  89*,  417. 

— ,  drainage  of  mines  in,  417,  418. 

,  statistics  of,  470. 

Gwinear  and  Crowan,  mining  district  of,  35. 

,  temperature  of  mines  in,  393. 
,  statistics  of,  467. 
Harris,  W.  Snow,  Esq.,  on  the  mean  temperature  of  Plymouth, 

404,  416. 
Hassenfratz,  M.,  on  subterranean  temperature,  411. 
Hawkins,  John,  Esq.,  his  subscription,  3. 

,  on  tin-floors,  13, 

,  on  granite  veins,  46. 

-,  on  the  composition  of  granite,  101,  122. 

,  on  the  sands  and  clays  of  St  Agnes-beacon, 

110. 
Head,  Sir  F.  B.,  Bart.,  on  the  Gwennap  mines,  91*. 
Heaves,  definition  of,  5,  285. 

of  lodes,  containing  different  ores,  by  cross-veins,  286. 

'  of  differ- 

ent ingredients,  291,  292. 

in  different  rocks,  295. 

——-—-—  of  different  breadths,  298. 

■«■   ■  '-  ,  by  cross-veins  of  different 


breadths,  297. 

,in  relation  to  the,  angles  included,  300. 

—  dips  of  both  hdes  and  cross- 


veins,  303. 

at  different  depths,  306,  308. 

by  several  cross-veins,  316. 
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it  several  todai  by  the  same  craia-vein,  ~^Sl 
of  lodri  which  heave  other  crou-veitu,  !I25. 

which  at  different  levels  heaiK,  and  ar«  I 

ntie  cros$-pein,  326. 

of  eroii-veins  by  lodes  of  different  compositioDS,  2 

,  of  different  kinds,  by  loiUs  of  differe 

•DOS,  203,  204. 

by  lodes,  in  different  rocks,  397. 

-  Qt  different  dep^s,  314. 


-  by  several  lodes,  320. 


of  lodes  by  each  other,  ! 

,  in  different  rocka,  207. 

,  at  different  depths,  315. 

by  several  otliets,  324. 

,  each  alternately  by  the  other,  at  differaav 


by  eltmn- courses,  327. 

mining  district  of,  48. 
temperature  of  mines  in,  394. 
statistics  of,  467. 

Tabic  XXXIV. 
fr.,  on  mining  statistics,  481. 


J 


INDEX.  499 

Ives,  Saint,  mining  district  of,  16. 

,  temperature  of  mines  in,  390. 

,  statistics  of,  465, 

Ives,  Saint,  Consols,  Table  XVI. 
Jars,  M.,  on  Great  Work  mine,  50. 

,  on  the  gossan  of  copper  lodes,  85*. 

-,  on  the  tin- veins  at  Carclaze,  120. 

Jewel,  Wheal,  Table  LXV. 

Jointed  structure,  18,  45,  123,  168,  173,  232,  327. 

Juncker,  M.,  on  the  quantity  of  water  in  Huel  G'det  mine,  425. 

,  on  the  pumps  at  Huel  G'det  mine,  429. 

Junctions  of  granite  and  slate,  8,  30,  46,^61,  70,  96,  123,  149. 

,  the  richest  mines  mostly  near,  219. 

Just,  Saint,  mining  district  of,  7. 
,  temperature  of  mines  in,  389. 


—,  statistics  of,  464. 


Kayle,  Wheal,  Table  XXXIII. 

Kitty,  Wheal,  Table  LXXIX. 

Killas,  definition  of  the  term,  as  used  by  miners,  159. 

Ladders,  excellent  arrangement  of,  at  Tresavean,  88*. 
Laminar  arrangement  of  china-clay  in  drying,  118,  171. 
Lancashire,  effects  of  an  earthquake  in  coal  mines,  459*. 
Lead  ores,  their  occurrence,  140,  255,  268. 

,  most  plentiful  in  the  upper  members  of  the  slate  series, 

193. 

,  quantities  obtained  in  the- kingdom,  269,  477. 

-,  Cornish,  very  rich  in  silver,  269. 


Leaps  of  lodes,  when  intersected  by  slides,  330. 

other  lodes,  330. 

'  ■ of  different  com- 

positions, 333. 

,  their  directions  and  distances,  334. 

confined  to  slate  series,  329. 


Lean,  Mr.  Thomas,  on  subterranean  temperature,  393. 

,  his  Engine  Reporter,  414,  462. 

Left-hand  heaves,  proportion  and  distance  of,  287 »  288.  290-292. 

294,  296,  301,  303,  309. 
Leisure,  Wheal,  Tables  LXXXI.,  LXXXII. 
Lelant  Consols,  Table  XX. 
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Lodes,  electric  currents  observed  in,  445. 

Logan-rocksy  18,  141. 

Mac  Lauchlan,  Henry,  Esq.,  his  discovery  of  organic  remains,  125. 

Magnetism  imparted  by  electricity  of  lodes,  445. 

Manganese,  ores  of,  141. 

,  quantity  of  obtained ,  478. 

Marazion,  mining  district  of,  27. 

,  temperature  of  mines,  391. 

,  statistics  of,  466. 

Mary,  Wheal,  Table  XIX. 

Massive  rocks  afford  most  tin  ore,  and  vitreous  copper  ore,  195. 

Materials  consumed  in  the  mines,  481. 

Mechanical  structure  of  rocks,  147, 153, 163,  168,  195,  224. 

bdes,  179,  208,  230. 

cross-veins,  259. 

Metallic  minerals,  circumstances  vehich  affect  their  presence,  219, 

220,  224,  226,  230. 
Michell,  Robert,  Esq.,  on  the  intersection  of  lades  at  East  Wheal 

Rose,  268. 
Michell,  Capt.  H.,  on  the  use  of  mine-water  as  a  preservative  from 

dry-rot,  458*. 
Mineral  composition  of  rocks,  144, 152,  161,  188,  220, 

lodes,  184,  226. 

in  different  rocks,  189,  226. 

^  ilg  influence  on  their  electric  currents. 


452,  454. 

cross-veins,  257. 

in  different  rocks,  263. 


slides,  282. 


Minerals,  their  order  of  superposition.  Table  C,  215. 

in  St.  Just,  12. 

• in  St.  Ives,  19. 

near  Marazion,  32. 

at  Gwinear,  40. 

near  Helston,  53. 

near  Camborne,  65. 

at  Redruth  and  Gv^ennap,  85*. 

— : at  St.  Agnes,  106. 

—  near  St.  Austell,  128. 

-  near  Caliington  and  Tavistock,  139. 


Mines  under  the  sea,  11,  20,  55,  113. 
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Minesp  teiD|>erature  of,  387. 

draincHl  by  the  Gwennap  adit,  418. 

,  periods  of  greatest  and  smallest  quantities  of  water  in,  428. 

,  descent  of  water  in,  429. 

,  influence  of  their  depths  on  the  quantities  of  water  in  them. 


430. 

— ,  produce  of,  477 . 

-,  population  employed  in,  479. 


Mining  districts,  subterranean  temperature  of,  389,  402,  406. 

technical  terms  defined,  0,  159,  225,  228,  229,  254. 

statistics,  461. 

Monk-Wearmouth  colliery,  subterranean  temperature  of,  408. 

Morrison,  James,  Esq.,  M.P.,  his  subscription,  3. 

Morvah  and  Zennor  Mines,  Table  XIV. 

Movements,   mechanical,   in   different  directions,    their  necessary 

results,  346,  348,  350-352,  354-358,  361-363,  365,  367,  368, 

370,  372-377. 
Moyle,  M.  P.,  Esq.,  on  granite  veins,  48. 
,  on  subterranean  temperature,  393,  394,  396, 

409. 
Murchison,  R.  I.,  Esq.,  his  Silurian  System,  125. 
Music,  Wheal,  the  excavation  at,  98. 

Niagara,  temperature  of  water  at  the  falls,  399. 
Nickel,  the  ores  of,  478. 
North  Downs,  Table  LXIX. 

Oblique  movements,  their  necessary  results,  348,  351 ,  354,  355, 

358,  361-363,  365,  367,  368,  375,  376. 
Oeynhausen,  M.  Von,  and  M.  Von  Dechen,  on  the  junctions  of 

granite  and  slate,  27, 100,  124. 
,    on    the    granite    of 

digger,  94. 

',  on  china-clay,  116. 

.  ■,  on  the   tin  veins  of 


Carclaze,  121. 
Ontario,  Lake,  its  temperature,  399. 
Ores,  the  mode  of  their  distribution  in  lodes,  209. 

,  shoots  of,  dip  firom  the  granite,  41 ,  54,  87*,  129, 193. 

— —   in  parallel  veins  on  the  same  meridian,  87*,  215,  233. 

in  some  tracts  worked  to  a  greater  depth  south  than  nwfb, 
87»,  217. 
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Ores  of  tin^  and  vitreous  copper  ore^  most  prevalent  in  massive 

rocks,  195. 
often  found  in  the  shallower  parts  of  copper  lodes,  86*, 

228. 

of  lead  most  plentiful  in  the  upper  beds  of  the  slate  series,  193. 

,  their  relation  to  the  structure  of  the  rock,  224, 

of  the  lode,  230. 


to  the  composition  of  the  rock,  220. 

of  the  lode,  226. 


-,  most  plentiful  in  the  most  perpendicular  parts  of  lodes,  231. 

•  of  copper  and  tin  mixed,  207. 

•  found  near  cross-veins,  233,  273. 
in  cross-veins,  267. 


—  seldom  found  in  hdes  at  right  angles  to  each  other  in  the  same 

district,  271. 

— ,  their  diffusion  through  the  rocks,  235. 

— ,  their  irregular  distribution,  236. 

—,  their  influence  on  the  direction  of  the  electric  currents  in 


hdes,  454,  455. 
Organic  remains,  their  localities,  93,  99?,  125, 157-159. 

Parallel  lodes,  often  rich  on  the  same  meridian,  87*,  214. 
— — —  ,  sometimes  in  diflfer- 

ent  ores,  218. 

-,  electric  currents  in,  451,  453,  457. 


Parbola,  tin  veins  in  elvan  at,  38. 

Paris,  Dr.,  on  the  formation  of  recent  sandstone,  42. 

Park-noweth,  Table  VI. 

Parys  mine,  arrangement  of  the  copper  ores  of,  236. 

Pattinsou,  H.  L.,  Esq.,  his  experiments  on  the  electricity  of  rocks, 

446. 
Peach,  Mr.,  on  the  fossils  near  Fowey,  125. 
Pembroke,  Table  LXXXVII. 
Pendarves,  E.  W.  W.,  Esq.,  M.P.,  his  subscription,  3. 

,  on  the  native  copper  of  Con- 

dorrow,  65. 
Penetration  of  rain,  its  rate,  426. 
Penhale  mine,  108. 
Pentuan  stream-work,  129. 
Pentoinniek  mine.  Table  LXXVI. 
Penwith,  Wheal,  Table  XI. 
Penzance,  temperature  of,  404,  416. 
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Pcmui-zabuloe  and  Saint  Agnes,  mining  district  of,  03. 

,  temperature  of  mines,  399. 

,  statistics  of,  472. 

IVtc-r,  William,  Esq.,  his  subscription,  3. 

Petlierick,  Mr.,  on  electric  currents  in  the  lode  at  Connarree,  446. 

Petherick,  Capt.,  on  alternations  of  granite  and  slate,  58. 

,  on  the  levels  of  the  waUi  of  a  lode  at  Doleoath. 

197. 

,  on  the  intersections  of  lode*  at  Dokoath,  327,  342. 


Phillips,  W.  Esq.,  on  alternations  of  granite  and  slate,  69. 

,  on  lodes,  229,  230,  232. 

,  on  the  lodes  of  Herland,  41. 

,  on  the  heaves  of  lodes,  88. 

,  on  stream-tin  ore,  90*. 

Phillips,  Prof.,  on  the  geology  of  Yorkshire,  125. 

on  the  jointed  structure  of  rocks,  189. 

on  the  composition  of  lodes,  175,  189. 

on  the  width  of  hdes,  240. 

on  the  dip  of  lodes,  247. 

on  the  heaves  of  lodes,  383. 

on  slickensides,  182. 

on  subterranean  temperature,  408. 

on  the  quantity  of  rain  at  York,  424. 
Phillips  and  Hunt,  Messrs.,  on  the  electricity  of  the  lode  at  East 

Pool,  445. 
Pinh,  West,  Table  LXXVIII. 
Pitch-blende  at  Wheal  Trenwith,  19. 
Plymouth,  temperature  of,  404,  416. 
Polberrow,  Table  LXXVII,  101. 
Poldice,  West,  Table  XXIII. 
Polgooth,  Table  LXXXV. 
Polladras  Doums,  Table  XLV*. 
Pool,  East,  Table  LVII. 
Poor  parts  of  lodes  afford  most  crystals,  206. 
Population  employed  in  the  mines,  479. 


— ,  wages  of,  480. 

Porrett,  Mr.,  on  the  effects  of  electricity  on  the  level  of  liquids,  444. 

Proed,  William,  Esq.,  his  subscription,  3. 

Praed,  James  B.,  Esq.,  his  subscription,  3. 

Praed,  William  Tyringham,  Esq.,  M.P.,  his  subscription,  3. 

Prideaux,  John,  Esq.,  on  the  granite  of  Kit  Hill,  133. 

— ,  on  the  ehans  of  Roborough,  138. 
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Prideaux,  John,  Esq.,  on  the  effects  of  foreign  bodies  on  electric 

currents,  458*. 
Providence  Mines,  Table  XXI. 
Providence,  Wheal,  Table  XXXVIII. 
Prudence,  Wheal,  Table  LXXX. 
Pryce,  W.,  Esq.,  on  the  greenstone  at  Pool,  61. 

,  on  cobalt  ores,  92. 

,  on  the  prevalence  of  tin  ore  in  the  shallow  parts 

of  lodes,  85*. 

,  on  the  jointed  structure  of  rocks,  168. 

-,  on  lodes,  175, 189, 203-205, 207, 229, 232, 240, 


248,  252. 

,  on  cross-veins,  254,  258,  271 ,  274,  279. 

,  on  slides,  283. 

,  on  tin-floors,  238. 

,  on  the  heaves  of  lodes,  382. 

-,  on  the  leaps  of  lodes,  329. 


Pumps,  on  their  imperfections,  429. 

-,  descent  of  lightning  into  mines  by,  457*. 

Pyrites,  copper,  most  abundant  in  schistose  rocks,  195. 

Quartz,  double-pointed  crystals  of,  characteristic  of  elvans,  31, 

138, 161. 

the  principal  ingredient  of  the  lodes,  209. 

,  in  lodes,  differs  in  character  in  the  upper  slates  from  that  in 

the  lower,  229. 

,  its  peculiar  character  in  cross-veins,  257,  261. 

,  masses  of  similar  form  found  on  opposite  sides  of  a  cross- 


vein,  89,  380. 

Rain,  quantity  of,  at  Manchester,  415, 

,  at  Penzance,  415. 

,  in  the  Gwennap  mining  district,  423. 

,  proportion  absorbed,  414,  425. 


,  its  descent  into  the  mines  prevented,  425. 

,  rate  of  its  penetration  downward,  426, 

,  its  ratio  to  the  water  drawn  out  of  mines,  434,  437. 

Raised  beaches,  13,  34,  55. 

Rashleigh,  Sir  John  Coleman,  Bart,  his  subscription,  3. 

Redruth  and  Gwennap,  the  mining  district  of,  69. 

-,  temperature  of  mines  in,  396. 
,  statistics  of,  470. 
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Table  XCII. 
West.  Table  XCI. 
heal.  Tabic  XVIII. 
:of.,  on  subterranean  temperature,  411. 

,  on  the  electricity  of  rocLs  and  Teins,  447.  464,  4M. 

,  on  the  influence  of  composition  on  electric  currents, 

,  on  the  temperature  of  llic  plates  of  metal,  458. 

,   cxperimenta  on  currents  with   plates   of    different 

,460. 

,  Table  XXXVI. 

,  Table  XXX. 

of  hdeg,  circumstances  which  affect  it,  219. 

id,  heaves  towards  the,  5,  385-287,  289,  291-204,  2«0 

103,  300,  313,  314.  316,  320  (see  Uft  hand). 

Vkeal,  Table,  XCV. 

reel  of  their  compositiou  on  the  richness  of  lodeg,  220. 

■    -  -  structure  on  the  richness  uf  lodes,  224. 

iibterraneati  temperature  of,  403,  400. 
uanlJlies  of  water  in  different,  438. 
leir  ratios  of  absorption,  438. 
Itctric  currents  in,  434',  455",  457*. 
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Sedgwick,  the  Rev.  Prof.,  on  elvan-courses,  27,  61,  62, 127. 

,  on  the  tin  veins  of  St.  AustelUmoor,  121. 

,on  veined  structure,  30,  121,  122, 176, 


212,  240. 


.,  on  jointed  structure,  169. 
.,  on  veins  of  segregation,  212. 
-,  on  the  granite  of  Cligger,  93. 
of  Kit  Hill,  133. 


',  on  china-clay,  116. 
•,  on  stream- tin  ore,  91*. 


Segregation,  veins  of,  212,  384. 

Serpentine  at  Duporth,  126. 

Shoots  of  ore  dip  from  the  granite,  41,  64,  87*,  129, 193 

Silurian  System,  fossils  of  the,  126. 

Silver,  ores  of,  41,  65,  109,  140,  269,  478. 

Slate-rocks,  general  description  of,  161. 

,  their  composition,  162,  169,  188. 

,  their  structure,  166,  188. 

,  their  cleavage,  168,  169. 

,  their  joints.  Table  XCIX.,  169. 

,  their  relations  to  the  lodes,  179,  184,  188. 

,  ores  dispersed  through  them,  236. 

,  their  relations  to  cross-veins,  269,  263. 

,  slides  found  in  them,  282. 

,  their  organic  remains,  93, 126,  136,  167-169. 

,  their  subterranean  temperature,  403,  406. 

,  quantity  of  water  in  them,  441,  442. 

Slickensides  in  granite,  63, 172. 

of  various  ores,  181. 

Slides,  their  directions, — dips, — and  widths,  281. 

,  their  compositions,  282. 

,  found  only  in  the  slate-rocks,  282. 

,  they  intersect  lodes,  328  (see  Leaps), 

Smaller  angle,  heaves  towards,  6,  286-294,  296,  301,  303,  308, 

309,  316-320,  322-324  (see  Greater  angle). 
Smith,  Mr.,  on  stream-tin  ore,  91*,  129. 

Society,  the  Royal  Geological,  of  Cornwall,  subscription  by,  3. 
Sparrow,  Wheal,  Table  LXX. 
Speam,  Wheal,  Table  X. 
Speed,  Wheal,  Table  XXII. 
Spheroidal  structure  in  slate-rocks,  167,  183. 
in  clvans,  87,  163. 
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Temperature  of  Penzance,  404,  416. 

of  Plymouth,  404,  416. 

of  Truro,  406. 

,  atmospheric  extent  of  its  eflfects  on  rocks,  405. 

,  subterranean,  387. 

,  in  different  districts,  402. 

■  ■,  in  different  rocks,  403, 406. 

,  in  2ocfe«  yielding  different  ores,  404,406. 

,  in  rocks,  lode8,dJii  a'oss-veins,  403, 406. 

,  ratio  of  its  increase,  406. 

Thomas,  Richard,  Esq.,  his  Survey  of   the  mining  district  from 

Chacewater  to  Camborne,  57,  69. 

,  on  the  granite  of  digger,  94. 

,  on  granite  veins,  48,  51,  67. 

,  on  alternations  of  granite  and  slate,  58. 

—————  ,  on  lodes,  175. 

■     ,  their  perpendicular  parts  richest 

first  announced  by,  231. 

,  on  cross-veins  not  appearing  at  surface. 


66,  257. 


*,  on  the  heaves  of  lodes,  66,  89,  91,  92. 
of  an  elvan,  91 . 


St.  Agnes,  112. 


422,  423. 


-,  on  the  excavation  at  Carclaze,  120. 

-,  on  the  levels  of  the  sands  and  clays  at 

-,  on  the  great  Gwennap  adit,  89*,  417. 
,  drainage  by, 


,  on  the  drainage  by  the  Fowey  river,  415. 

Carnon  river,  422. 


•,  on  mining  statistics,  481. 


Throws  of  lodes,  328  (see  Leaps), 
Timber,  quantity  of,  used  in  the  mines,  481. 
Tincroft,  Table  LII. 

Tin,  quantity  of,  obtained  in  Cornwall  and  Devon,  477. 
Tin  lodes,  circumstances  affecting  their  riches,  220,  221,  224,  226, 
231. 

,  their  heaves,  286,  288,  289,  291,  292. 

,  they  heave  other  veins,  293,  294. 


•,  leaps  of,  mostly  upwards,  332. 

',  subterranean  temperature  of,  404,  406. 


Tin  mines  in  Germany  have  usually  low  temperatures,  410. 


1 
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ea.stream,  13,  34,  42,  55,  68,  90',  110,129,  141, 
-.  wood,  32. 

_,  veiDB  of,  in  granite,  IS,  73,  119,  238. 
,  in  Bkte,  101,  135,  239. 

-,  ill  crots-veim,  273. 
-.fioors,  13. 

-  dispersed  through  rocks,  235,  236. 

-  most  abundant  in  granite,  195. 

-,  largest  single  masses  of,  in  slate,  64,  195. 

— ,  minerals  usually  accompanying,  in  granite,  22G. 

T-rni^,  Table  LX. 

n,  Mr.,  bis  Engine  Reports,  iGi. 

1,  South  Wheal,  Table  LXXII. 

■I,  TTAea/,  Table  LXXIII. 

Mck,  TTAeai,  Table  XLVI. 

IS,  254  (see  Crosn-veiiu). 

t,  M.  de,  on  subterranean  temperature,  411. 

lyne,  J,  Hearle,  Esq.,  his  subscription,  3- 

ntli.  Wheal,  Table  XVII. 

cean.  Table  LIX. 

,  its  returns,  88». 

INDEX.  511 


Veins  of  elvan  in  slate,  81,  84,  105, 126. 

of  tin  ore  in  granite,  15,  73,  119,  238. 

in  slate,  101, 135,  239. 

in  elvan,  38,  239. 

of  copper  ore  in  granite,  73,  239. 

in  slate,  98,  239. 


of  segregation,  212,  384. 


Vertical  intersections,  328. 

elevations  of  strata,  necessary  results  of,  348,  350,  356, 

361,  362,  365,  367  (see  Elevation ; — Subsidence). 
Villefosse,  H.  H^ron  de,  on  the  mines  near  Redruth,  69. 

,  on  stream-tin  ore,  129. 

Vitreous  copper  ore  most  abundant  in  massive  rocks,  191. 

Vivian,  Lord,  his  subscription,  3. 

Vivian,  John  Henry,  Esq.,  M.P.,  his  subscription,  3. 

Vivian,  John,  Esq.,  his  subscription,  3. 

Vor,  Wheal,  Table  XLV. 

,  produce  of,  53. 

Vyvyau,  Sir  Richard  Rawlinson,  Bart.,  M.P.,  his  subscription,  3. 
Vyvyan,  Wheal,  veins  of  tin  and  copper  ores  at,  72. 

Wages  of  miners,  480. 
Walker,  the  Rev.  Robert,  his  subscription,  3. 
Wall,  Mr.  James,  on  the  minerals  of  St.  Just,  15. 
Wallis,  the  Rev.  John,  on  mining  statistics,  462. 
Walls  of  lodes,  structure  and  appearance  of,  195. 

of  cross-veins,  structure  and  appearance  of,  335. 

Water,  its  abundance  a  favourable  indication,  230. 

,  temperature  of  subterranean  streams  of,  387. 

drained  by  the  river  Fowey,  415. 

■  by  the  Carnon  river,  422. 

from  a  tract  near  Bonn,  416. 

from  the  Teutoburger  Wald,  416. 

by  the  Gwennap  adit,  417,  422,  423. 


intercepted  by  the  Gwennap  adit,  420. 
,  periods  of  its  maxima  and  minima  in  mines,  428. 

collected  at  different  levels  in  mines,  429. 
,  its  quantity  influenced  by  the  depths  of  mines,  430. 

drawn  out  of  different  mines,  432-436. 
,  ratio  to  that  of  rain,  434,  437. 
,  ratios  of  absorption  by  different  rocks,  438. 
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Water,  depth  of,  in  wells  at  Tarioiis  periods,  440. 

y  quantities  of,  in  different  rocks,  441. 

y  its  level  altered  by  electrical  action,  444. 

y  the  quantity  from  springs  affected  by  atmospheric  pressure, 

443. 

,  mine,  salts  contained  in,  458^. 

>,  a  presenratiTe  from  dry-rot,  468*. 
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